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We introduce a procedure to systematically search for a local unitary transformation that maps
a wavefunction with a non-trivial sign structure into a positive-real form. The transformation is
parametrized as a quantum circuit compiled into a set of one and two qubit gates. We design a cost
function that maximizes the average sign of the output state and removes its complex phases. The
optimization of the gates is performed through automatic differentiation algorithms, widely used
in the machine learning community. We provide numerical evidence for significant improvements
in the average sign for a two-leg triangular Heisenberg ladder with next-to-nearest neighbour and
ring-exchange interactions. This model exhibits phases where the sign structure can be removed by
simple local one-qubit unitaries, but also an exotic Bose-metal phase whose sign structure induces
“Bose surfaces” with a fermionic character and a higher entanglement that requires deeper circuits.
Introduction. The most striking contrast between the
classical and quantum world is the fact that quantum
wavefunctions contain “probability” amplitudes that are
not strictly real and positive. This so-called sign (or
phase) structure is an essential feature of a variety of
quantum phenomena with no classical counterpart, such
as the Pauli exclusion principle, entanglement, and quan-
tum interference. It lies at the heart of any algorithm for
quantum computing [1].
A sign structure often hinders the simulation of quan-
tum many-body states by means of classical resources,
and it essentially defines the threshold for what can be
considered truly quantum-mechanical. Indeed, there is a
one-to-one mapping between a real, non-negative wave-
function and a classical probability distribution, formu-
lated explicitly by the Born rule. However, the sign struc-
ture is not a universal feature of a quantum state, since
it strongly depends on the choice of basis. As such, for a
given state it is only natural to wonder: is there a local
change of basis that removes the sign structure, leading
to a non-negative wavefunction?
Given a preferred “computational basis”, finding and
applying a change of basis involves implementing a uni-
tary transformation. The resources required for this task
can however be non-trivial. For example, any ground
state becomes non-negative in the energy eigen-basis, but
finding the corresponding (non-local) unitary transfor-
mation is equivalent to diagonalization, with a complex-
ity that scales exponentially in the number of qubits. The
question becomes, can a change of basis be discovered
with a transformation represented by a local unitary cir-
cuit of small depth?
Such transformations are typically identified based on
simple physical principles related to the structure of the
Hamiltonian and its symmetries. The most notable ex-
ample is the Marshall sign rule [2], eliminating the sign
structure from the ground states of quantum antiferro-
magnets on bipartite lattices. The resulting theoretical
insight means that new bases that simplify the sign struc-
ture for a specific frustrated magnet or fermion model are
routinely discovered [3–6]. In turn, in a few instances it
has also been rigorously proven that efficient transforma-
tions do not exist [7, 8], rendering the sign structure “in-
trinsic”. However, if no obvious transformation is known,
it is generally unclear whether the offending sign struc-
ture is intrinsic or whether it only persists due to a lack
of physical insight. An automated procedure to search
for relevant transformations is therefore highly desirable.
In this paper, we propose an algorithm to tackle this
question which combines tensor networks and differen-
tiable programming. We formulate the search for the
local basis as an optimization task over quantum circuits
compiled into a set of local quantum gates. By optimiz-
ing a suitable cost function, a quantum circuit is used
to positivize a quantum state with a sign structure. We
show how this procedure can be realized in practice by
adopting a tensor network representation of the quantum
circuit, and applying automatic differentiation to obtain
a “learning signal” for each quantum gate. We present
a proof-of-principle demonstration for a two-leg triangu-
lar Heisenberg ladder with four-spin ring exchange inter-
action, which harbors a sign structure of tunable com-
plexity, including that of an exotic highly entangled spin
Bose-metal phase.
Learning a sign structure. We study a system com-
posed of N qubits described by a wavefunction |Ψ〉. For
a given choice of basis of the many-body Hilbert space
|σ〉 = |σ1, . . . , σN 〉, we assume that the wavefunction has
a sign structure, i.e. the coefficients Ψ(σ) = 〈σ|Ψ〉 ap-
pear with both positive and negative signs. We note that,
while we restrict to real wavefunctions, the following ap-
proach identically applies to the case where the wave-
function is complex-valued.
Given the sign structure Sign
(
Ψ(σ)
)
, how can we run
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2an automated search for a local unitary transformation
Uˆ generating a non-negative wavefunction? For this pur-
pose, it is natural to express the unitary as a quantum
circuit, where locality can be imposed at the level of the
quantum gates (Fig. 1). Because of their universality [1],
we can restrict to single- and two-qubit gates acting on
pairs of adjacent sites. Then, the unitary transformation
is written in terms of parameters ϑ = {ϑ[1],ϑ[2], . . . },
where ϑ[k] are a set of real and continuous parameters
characterizing each single gate.
Starting from a wavefunction Ψ(σ) displaying a sign
structure, provided as input to the quantum circuit, the
goal is to discover a set of gates such that the output
state is non-negative. We choose to phrase this prob-
lem as an optimization task, where the non-negativity
of the output state is enforced upon minimizing a suit-
able cost function C(ϑ). More precisely, the optimal
set of parameters ϑ∗ = argminϑ C(ϑ) should satisfy
Ψϑ∗(σ) ≥ 0 ∀|σ〉, where Ψϑ∗(σ) = 〈σ| Uˆϑ∗ |Ψ〉. Given
some initial configuration of the circuit, the optimiza-
tion is solved by iteratively updating the gates according
to the gradient of the cost function, ϑ → ϑ − η G(ϑ),
where G(ϑ) = ∇ϑC(ϑ) and η is the step-size of the up-
date (often called learning rate). More sophisticated al-
gorithms developed within the machine learning commu-
nity can also be implemented, such as the adaptive learn-
ing rates [9, 10] or higher-order gradients [11].
The cost function is the most crucial ingredient. On
one hand, it needs to correctly capture the objective of
the optimization. On the other hand, the sign struc-
ture is a global property of the quantum state, and thus
the calculation of the cost function (and its gradients)
should also remain scalable with the number of qubits.
For the latter, it is prudent to express C(ϑ) as an expec-
tation value over the probability distribution underlying
the quantum state at the output of the circuit:
C(ϑ) =
∑
σ
|Ψϑ(σ)|2Cϑ(σ) . (1)
In fact, provided one can sample the distribution
pϑ(σ) = |Ψϑ(σ)|2, the expectation value of Eq. (1) can
be approximated with a sum over a finite number of con-
figurations {σj} drawn from pϑ(σ). Now, the only task
that remains is designing an appropriate function Cϑ(σ).
Besides the sign of the wavefunction, an additional con-
straint that should be taken into account is that the com-
plex phases, necessarily accumulated by a universal gate
set, are eliminated by the end of the unitary evolution.
To capture both conditions on the imaginary part and
the sign, it is convenient to split the cost function into a
convex sum of two contributions:
Cϑ(σ) = γ
∣∣Im(Ψϑ(σ))∣∣− (1− γ)Sign(Re(Ψϑ(σ)) , (2)
where γ ∈ [0, 1]. By tuning the parameters according
to the gradient G(ϑ), the quantum circuit will try to
<latexit sha1_base64="72HXTzex0UCDf1qUvFawzE6jesY=">AAACDXicbVBNS8NAEN3Ur1q/qh69RItQQUoioh4LXjxWsB/QlDLZbtulu0nYnRRKyNmjv8SjehGv/gIP/hs3bQ/a+mDh8d7M7MzzI8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHcaKsjoNRahaPmgmeMDqyFGwVqQYSF+wpj+6zfzmmCnNw+ABJxHrSBgEvM8poJG6xWNvCJh4EnBIQST1NC17vky8MSgcMoT0rFssORVnCnuZuHNSInPUusUvrxfSWLIAqQCt264TYScxAzkVLC14sWYR0BEMWNvQACTTnWR6SmqfGqVn90NlXoD2VP3dkYDUeiL9c1+a4mxtvWhn4n9eO8b+TSfhQRQjC+jsr34sbAztLBq7xxWjKCaGAFXcrGvTISigaAIsmBzcxauXSeOi4joV9/6yVL2aJ5InR+SElIlLrkmV3JEaqRNKHskzeSVv1pP1Yr1bH7PSnDXvOSR/YH3+AEUpnDk=</latexit><latexit sha1_base64="72HXTzex0UCDf1qUvFawzE6jesY=">AAACDXicbVBNS8NAEN3Ur1q/qh69RItQQUoioh4LXjxWsB/QlDLZbtulu0nYnRRKyNmjv8SjehGv/gIP/hs3bQ/a+mDh8d7M7MzzI8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHcaKsjoNRahaPmgmeMDqyFGwVqQYSF+wpj+6zfzmmCnNw+ABJxHrSBgEvM8poJG6xWNvCJh4EnBIQST1NC17vky8MSgcMoT0rFssORVnCnuZuHNSInPUusUvrxfSWLIAqQCt264TYScxAzkVLC14sWYR0BEMWNvQACTTnWR6SmqfGqVn90NlXoD2VP3dkYDUeiL9c1+a4mxtvWhn4n9eO8b+TSfhQRQjC+jsr34sbAztLBq7xxWjKCaGAFXcrGvTISigaAIsmBzcxauXSeOi4joV9/6yVL2aJ5InR+SElIlLrkmV3JEaqRNKHskzeSVv1pP1Yr1bH7PSnDXvOSR/YH3+AEUpnDk=</latexit><latexit sha1_base64="72HXTzex0UCDf1qUvFawzE6jesY=">AAACDXicbVBNS8NAEN3Ur1q/qh69RItQQUoioh4LXjxWsB/QlDLZbtulu0nYnRRKyNmjv8SjehGv/gIP/hs3bQ/a+mDh8d7M7MzzI8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHcaKsjoNRahaPmgmeMDqyFGwVqQYSF+wpj+6zfzmmCnNw+ABJxHrSBgEvM8poJG6xWNvCJh4EnBIQST1NC17vky8MSgcMoT0rFssORVnCnuZuHNSInPUusUvrxfSWLIAqQCt264TYScxAzkVLC14sWYR0BEMWNvQACTTnWR6SmqfGqVn90NlXoD2VP3dkYDUeiL9c1+a4mxtvWhn4n9eO8b+TSfhQRQjC+jsr34sbAztLBq7xxWjKCaGAFXcrGvTISigaAIsmBzcxauXSeOi4joV9/6yVL2aJ5InR+SElIlLrkmV3JEaqRNKHskzeSVv1pP1Yr1bH7PSnDXvOSR/YH3+AEUpnDk=</latexit><latexit sha1_base64="72HXTzex0UCDf1qUvFawzE6jesY=">AAACDXicbVBNS8NAEN3Ur1q/qh69RItQQUoioh4LXjxWsB/QlDLZbtulu0nYnRRKyNmjv8SjehGv/gIP/hs3bQ/a+mDh8d7M7MzzI8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHcaKsjoNRahaPmgmeMDqyFGwVqQYSF+wpj+6zfzmmCnNw+ABJxHrSBgEvM8poJG6xWNvCJh4EnBIQST1NC17vky8MSgcMoT0rFssORVnCnuZuHNSInPUusUvrxfSWLIAqQCt264TYScxAzkVLC14sWYR0BEMWNvQACTTnWR6SmqfGqVn90NlXoD2VP3dkYDUeiL9c1+a4mxtvWhn4n9eO8b+TSfhQRQjC+jsr34sbAztLBq7xxWjKCaGAFXcrGvTISigaAIsmBzcxauXSeOi4joV9/6yVL2aJ5InR+SElIlLrkmV3JEaqRNKHskzeSVv1pP1Yr1bH7PSnDXvOSR/YH3+AEUpnDk=</latexit>
<latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit><latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit><latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit><latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit>
<latexit sha1_base64="bmyez+MpdnkvmBbcVflyCPkXaWg=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIpgh4LHvRYwX5Iu5Zsmm1Dk+ySZIWy9Fd4VC/i1Z/jwX9j2u5BWx8MPN6bYWZemAhurO9/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up76rSemDY/VvR0nLJBkoHjEKbFOerh5zDo4mPRwr1T2K/4MaJngnJQhR71X+ur2Y5pKpiwVxJgO9hMbZERbTgWbFLupYQmhIzJgHUcVkcwE2ezgCTp1Sh9FsXalLJqpvycyIo0Zy/A8lK5ZEjs0i/ZU/M/rpDa6CjKuktQyRee7olQgG6NpAKjPNaNWjB0hVHN3LqJDogm1LqaiywEvfr1MmtUK9iv47qJcq+aJFOAYTuAMMFxCDW6hDg2gIOEZXuHNS70X7937mLeuePnMEfyB9/kD+uCQ5w==</latexit><latexit sha1_base64="bmyez+MpdnkvmBbcVflyCPkXaWg=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIpgh4LHvRYwX5Iu5Zsmm1Dk+ySZIWy9Fd4VC/i1Z/jwX9j2u5BWx8MPN6bYWZemAhurO9/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up76rSemDY/VvR0nLJBkoHjEKbFOerh5zDo4mPRwr1T2K/4MaJngnJQhR71X+ur2Y5pKpiwVxJgO9hMbZERbTgWbFLupYQmhIzJgHUcVkcwE2ezgCTp1Sh9FsXalLJqpvycyIo0Zy/A8lK5ZEjs0i/ZU/M/rpDa6CjKuktQyRee7olQgG6NpAKjPNaNWjB0hVHN3LqJDogm1LqaiywEvfr1MmtUK9iv47qJcq+aJFOAYTuAMMFxCDW6hDg2gIOEZXuHNS70X7937mLeuePnMEfyB9/kD+uCQ5w==</latexit><latexit sha1_base64="bmyez+MpdnkvmBbcVflyCPkXaWg=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIpgh4LHvRYwX5Iu5Zsmm1Dk+ySZIWy9Fd4VC/i1Z/jwX9j2u5BWx8MPN6bYWZemAhurO9/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up76rSemDY/VvR0nLJBkoHjEKbFOerh5zDo4mPRwr1T2K/4MaJngnJQhR71X+ur2Y5pKpiwVxJgO9hMbZERbTgWbFLupYQmhIzJgHUcVkcwE2ezgCTp1Sh9FsXalLJqpvycyIo0Zy/A8lK5ZEjs0i/ZU/M/rpDa6CjKuktQyRee7olQgG6NpAKjPNaNWjB0hVHN3LqJDogm1LqaiywEvfr1MmtUK9iv47qJcq+aJFOAYTuAMMFxCDW6hDg2gIOEZXuHNS70X7937mLeuePnMEfyB9/kD+uCQ5w==</latexit><latexit sha1_base64="bmyez+MpdnkvmBbcVflyCPkXaWg=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIpgh4LHvRYwX5Iu5Zsmm1Dk+ySZIWy9Fd4VC/i1Z/jwX9j2u5BWx8MPN6bYWZemAhurO9/eyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up76rSemDY/VvR0nLJBkoHjEKbFOerh5zDo4mPRwr1T2K/4MaJngnJQhR71X+ur2Y5pKpiwVxJgO9hMbZERbTgWbFLupYQmhIzJgHUcVkcwE2ezgCTp1Sh9FsXalLJqpvycyIo0Zy/A8lK5ZEjs0i/ZU/M/rpDa6CjKuktQyRee7olQgG6NpAKjPNaNWjB0hVHN3LqJDogm1LqaiywEvfr1MmtUK9iv47qJcq+aJFOAYTuAMMFxCDW6hDg2gIOEZXuHNS70X7937mLeuePnMEfyB9/kD+uCQ5w==</latexit>
<latexit sha1_base64="+zywgXK5F/PF5azQlFxWXHxZkpk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5nvBdN+rV+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xnkOg=</latexit><latexit sha1_base64="+zywgXK5F/PF5azQlFxWXHxZkpk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5nvBdN+rV+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xnkOg=</latexit><latexit sha1_base64="+zywgXK5F/PF5azQlFxWXHxZkpk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5nvBdN+rV+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xnkOg=</latexit><latexit sha1_base64="+zywgXK5F/PF5azQlFxWXHxZkpk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5nvBdN+rV+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xnkOg=</latexit>
<latexit sha1_base64="aD3ykUp6SLmLIGKy6uZFpPM+FRM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8z3gknvvFeuuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/3ukOk=</latexit><latexit sha1_base64="aD3ykUp6SLmLIGKy6uZFpPM+FRM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8z3gknvvFeuuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/3ukOk=</latexit><latexit sha1_base64="aD3ykUp6SLmLIGKy6uZFpPM+FRM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8z3gknvvFeuuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/3ukOk=</latexit><latexit sha1_base64="aD3ykUp6SLmLIGKy6uZFpPM+FRM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8z3gknvvFeuuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/3ukOk=</latexit>
<latexit sha1_base64="VWNg7eRdYjb0nlZ9y6pvReDYR/c=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIEQY8FD3qsYD8kjWWz3bRLdzdhdyOU0F/hUb2IV3+OB/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hrqt5+o0iyR92ac0lDggWQxI9hY6eHmMQ/8cNLze5WqW3NnQMvEK0gVCjR6la9uPyGZoNIQjrUOPDc1YY6VYYTTSbmbaZpiMsIDGlgqsaA6zGcHT9CpVfooTpQtadBM/T2RY6H1WETnkbDNApuhXrSn4n9ekJn4KsyZTDNDJZnvijOOTIKmAaA+U5QYPrYEE8XsuYgMscLE2JjKNgdv8etl0vJrnlvz7i6qdb9IpATHcAJn4MEl1OEWGtAEAgKe4RXenMx5cd6dj3nrilPMHMEfOJ8//fKQ6Q==</latexit><latexit sha1_base64="VWNg7eRdYjb0nlZ9y6pvReDYR/c=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIEQY8FD3qsYD8kjWWz3bRLdzdhdyOU0F/hUb2IV3+OB/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hrqt5+o0iyR92ac0lDggWQxI9hY6eHmMQ/8cNLze5WqW3NnQMvEK0gVCjR6la9uPyGZoNIQjrUOPDc1YY6VYYTTSbmbaZpiMsIDGlgqsaA6zGcHT9CpVfooTpQtadBM/T2RY6H1WETnkbDNApuhXrSn4n9ekJn4KsyZTDNDJZnvijOOTIKmAaA+U5QYPrYEE8XsuYgMscLE2JjKNgdv8etl0vJrnlvz7i6qdb9IpATHcAJn4MEl1OEWGtAEAgKe4RXenMx5cd6dj3nrilPMHMEfOJ8//fKQ6Q==</latexit><latexit sha1_base64="VWNg7eRdYjb0nlZ9y6pvReDYR/c=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIEQY8FD3qsYD8kjWWz3bRLdzdhdyOU0F/hUb2IV3+OB/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hrqt5+o0iyR92ac0lDggWQxI9hY6eHmMQ/8cNLze5WqW3NnQMvEK0gVCjR6la9uPyGZoNIQjrUOPDc1YY6VYYTTSbmbaZpiMsIDGlgqsaA6zGcHT9CpVfooTpQtadBM/T2RY6H1WETnkbDNApuhXrSn4n9ekJn4KsyZTDNDJZnvijOOTIKmAaA+U5QYPrYEE8XsuYgMscLE2JjKNgdv8etl0vJrnlvz7i6qdb9IpATHcAJn4MEl1OEWGtAEAgKe4RXenMx5cd6dj3nrilPMHMEfOJ8//fKQ6Q==</latexit><latexit sha1_base64="VWNg7eRdYjb0nlZ9y6pvReDYR/c=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJIEQY8FD3qsYD8kjWWz3bRLdzdhdyOU0F/hUb2IV3+OB/+N2zYHbX0w8Hhvhpl5UcqZNq777aysrq1vbJa2yts7u3v7lYPDlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hrqt5+o0iyR92ac0lDggWQxI9hY6eHmMQ/8cNLze5WqW3NnQMvEK0gVCjR6la9uPyGZoNIQjrUOPDc1YY6VYYTTSbmbaZpiMsIDGlgqsaA6zGcHT9CpVfooTpQtadBM/T2RY6H1WETnkbDNApuhXrSn4n9ekJn4KsyZTDNDJZnvijOOTIKmAaA+U5QYPrYEE8XsuYgMscLE2JjKNgdv8etl0vJrnlvz7i6qdb9IpATHcAJn4MEl1OEWGtAEAgKe4RXenMx5cd6dj3nrilPMHMEfOJ8//fKQ6Q==</latexit>
<latexit sha1_base64="0aS4Hc4Lf1Vadyk+KvaRl1D+Fio=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfC6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xrkOg=</latexit><latexit sha1_base64="0aS4Hc4Lf1Vadyk+KvaRl1D+Fio=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfC6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xrkOg=</latexit><latexit sha1_base64="0aS4Hc4Lf1Vadyk+KvaRl1D+Fio=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfC6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xrkOg=</latexit><latexit sha1_base64="0aS4Hc4Lf1Vadyk+KvaRl1D+Fio=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfC6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/xrkOg=</latexit>
<latexit sha1_base64="bs6h46NN6jvdyboD0q+Qor/o0z4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/DyY9r1euuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/32kOk=</latexit><latexit sha1_base64="bs6h46NN6jvdyboD0q+Qor/o0z4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/DyY9r1euuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/32kOk=</latexit><latexit sha1_base64="bs6h46NN6jvdyboD0q+Qor/o0z4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/DyY9r1euuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/32kOk=</latexit><latexit sha1_base64="bs6h46NN6jvdyboD0q+Qor/o0z4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/DyY9r1euuFV3BrRMvJxUIEejV/7q9mOSCioN4Vhr33MTE2RYGUY4nZS6qaYJJiM8oL6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0V4FgrbLLAZ6kV7Kv7n+amJroKMySQ1VJL5rijlyMRoGgDqM0WJ4WNLMFHMnovIECtMjI2pZHPwFr9eJq1a1XOr3t1FpV7LEynCERzDKXhwCXW4hQY0gYCAZ3iFNyd1Xpx352PeWnDymUP4A+fzB/32kOk=</latexit>
<latexit sha1_base64="+kjHcgDLNl/ZQ8jeSInzTViV9yw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/Dya9Wq9ccavuDGiZeDmpQI5Gr/zV7cckFVQawrHWvucmJsiwMoxwOil1U00TTEZ4QH1LJRZUB9ns4Ak6sUofRbGyJQ2aqb8nMiy0HovwLBS2WWAz1Iv2VPzP81MTXQUZk0lqqCTzXVHKkYnRNADUZ4oSw8eWYKKYPReRIVaYGBtTyebgLX69TFq1qudWvbuLSr2WJ1KEIziGU/DgEupwCw1oAgEBz/AKb07qvDjvzse8teDkM4fwB87nD/99kOo=</latexit><latexit sha1_base64="+kjHcgDLNl/ZQ8jeSInzTViV9yw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/Dya9Wq9ccavuDGiZeDmpQI5Gr/zV7cckFVQawrHWvucmJsiwMoxwOil1U00TTEZ4QH1LJRZUB9ns4Ak6sUofRbGyJQ2aqb8nMiy0HovwLBS2WWAz1Iv2VPzP81MTXQUZk0lqqCTzXVHKkYnRNADUZ4oSw8eWYKKYPReRIVaYGBtTyebgLX69TFq1qudWvbuLSr2WJ1KEIziGU/DgEupwCw1oAgEBz/AKb07qvDjvzse8teDkM4fwB87nD/99kOo=</latexit><latexit sha1_base64="+kjHcgDLNl/ZQ8jeSInzTViV9yw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/Dya9Wq9ccavuDGiZeDmpQI5Gr/zV7cckFVQawrHWvucmJsiwMoxwOil1U00TTEZ4QH1LJRZUB9ns4Ak6sUofRbGyJQ2aqb8nMiy0HovwLBS2WWAz1Iv2VPzP81MTXQUZk0lqqCTzXVHKkYnRNADUZ4oSw8eWYKKYPReRIVaYGBtTyebgLX69TFq1qudWvbuLSr2WJ1KEIziGU/DgEupwCw1oAgEBz/AKb07qvDjvzse8teDkM4fwB87nD/99kOo=</latexit><latexit sha1_base64="+kjHcgDLNl/ZQ8jeSInzTViV9yw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdKuix4EGPFeyHbNeSTbNtaJJdkqxQlv4Kj+pFvPpzPPhvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho+up336iSrNY3ptxQgOBB5JFjGBjpYebx8w/Dya9Wq9ccavuDGiZeDmpQI5Gr/zV7cckFVQawrHWvucmJsiwMoxwOil1U00TTEZ4QH1LJRZUB9ns4Ak6sUofRbGyJQ2aqb8nMiy0HovwLBS2WWAz1Iv2VPzP81MTXQUZk0lqqCTzXVHKkYnRNADUZ4oSw8eWYKKYPReRIVaYGBtTyebgLX69TFq1qudWvbuLSr2WJ1KEIziGU/DgEupwCw1oAgEBz/AKb07qvDjvzse8teDkM4fwB87nD/99kOo=</latexit>
<latexit sha1_base64="0N/2VNKeQ9aLoJdT1o8JDnE7AcE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLLbCnoseNBjBfsh27Vk02wbmmSXJCuUpb/Co3oRr/4cD/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9RpVks7804oYHAA8kiRrCx0sPNY+bXgkmv1iuV3Yo7A1omXk7KkKPRK311+zFJBZWGcKy177mJCTKsDCOcTordVNMEkxEeUN9SiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyI8D4VtFtgM9aI9Ff/z/NREV0HGZJIaKsl8V5RyZGI0DQD1maLE8LElmChmz0VkiBUmxsZUtDl4i18vk1a14rkV7+6iXK/miRTgGE7gDDy4hDrcQgOaQEDAM7zCm5M6L8678zFvXXHymSP4A+fzBwETkOs=</latexit><latexit sha1_base64="0N/2VNKeQ9aLoJdT1o8JDnE7AcE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLLbCnoseNBjBfsh27Vk02wbmmSXJCuUpb/Co3oRr/4cD/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9RpVks7804oYHAA8kiRrCx0sPNY+bXgkmv1iuV3Yo7A1omXk7KkKPRK311+zFJBZWGcKy177mJCTKsDCOcTordVNMEkxEeUN9SiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyI8D4VtFtgM9aI9Ff/z/NREV0HGZJIaKsl8V5RyZGI0DQD1maLE8LElmChmz0VkiBUmxsZUtDl4i18vk1a14rkV7+6iXK/miRTgGE7gDDy4hDrcQgOaQEDAM7zCm5M6L8678zFvXXHymSP4A+fzBwETkOs=</latexit><latexit sha1_base64="0N/2VNKeQ9aLoJdT1o8JDnE7AcE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLLbCnoseNBjBfsh27Vk02wbmmSXJCuUpb/Co3oRr/4cD/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9RpVks7804oYHAA8kiRrCx0sPNY+bXgkmv1iuV3Yo7A1omXk7KkKPRK311+zFJBZWGcKy177mJCTKsDCOcTordVNMEkxEeUN9SiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyI8D4VtFtgM9aI9Ff/z/NREV0HGZJIaKsl8V5RyZGI0DQD1maLE8LElmChmz0VkiBUmxsZUtDl4i18vk1a14rkV7+6iXK/miRTgGE7gDDy4hDrcQgOaQEDAM7zCm5M6L8678zFvXXHymSP4A+fzBwETkOs=</latexit><latexit sha1_base64="0N/2VNKeQ9aLoJdT1o8JDnE7AcE=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLLbCnoseNBjBfsh27Vk02wbmmSXJCuUpb/Co3oRr/4cD/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9RpVks7804oYHAA8kiRrCx0sPNY+bXgkmv1iuV3Yo7A1omXk7KkKPRK311+zFJBZWGcKy177mJCTKsDCOcTordVNMEkxEeUN9SiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyI8D4VtFtgM9aI9Ff/z/NREV0HGZJIaKsl8V5RyZGI0DQD1maLE8LElmChmz0VkiBUmxsZUtDl4i18vk1a14rkV7+6iXK/miRTgGE7gDDy4hDrcQgOaQEDAM7zCm5M6L8678zFvXXHymSP4A+fzBwETkOs=</latexit>
<latexit sha1_base64="pQInGYhliA+6gmfbotcn4rhVBlo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6b9Wr9ccavuHGiVeDmpQI5mv/zVG8QkFVQawrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojwIhS2WWAz0sv2TPzP81MTXQUZk0lqqCSLXVHKkYnRLAA0YIoSwyeWYKKYPReREVaYGBtTyebgLX+9Stq1qudWvbt6pVHLEynCCZzCOXhwCQ24hSa0gICAZ3iFNyd1Xpx352PRWnDymWP4A+fzBwEXkOs=</latexit><latexit sha1_base64="pQInGYhliA+6gmfbotcn4rhVBlo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6b9Wr9ccavuHGiVeDmpQI5mv/zVG8QkFVQawrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojwIhS2WWAz0sv2TPzP81MTXQUZk0lqqCSLXVHKkYnRLAA0YIoSwyeWYKKYPReREVaYGBtTyebgLX+9Stq1qudWvbt6pVHLEynCCZzCOXhwCQ24hSa0gICAZ3iFNyd1Xpx352PRWnDymWP4A+fzBwEXkOs=</latexit><latexit sha1_base64="pQInGYhliA+6gmfbotcn4rhVBlo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6b9Wr9ccavuHGiVeDmpQI5mv/zVG8QkFVQawrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojwIhS2WWAz0sv2TPzP81MTXQUZk0lqqCSLXVHKkYnRLAA0YIoSwyeWYKKYPReREVaYGBtTyebgLX+9Stq1qudWvbt6pVHLEynCCZzCOXhwCQ24hSa0gICAZ3iFNyd1Xpx352PRWnDymWP4A+fzBwEXkOs=</latexit><latexit sha1_base64="pQInGYhliA+6gmfbotcn4rhVBlo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6b9Wr9ccavuHGiVeDmpQI5mv/zVG8QkFVQawrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojwIhS2WWAz0sv2TPzP81MTXQUZk0lqqCSLXVHKkYnRLAA0YIoSwyeWYKKYPReREVaYGBtTyebgLX+9Stq1qudWvbt6pVHLEynCCZzCOXhwCQ24hSa0gICAZ3iFNyd1Xpx352PRWnDymWP4A+fzBwEXkOs=</latexit>
<latexit sha1_base64="ojyd94y/KKrzHJisUT2Tb9oFvRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/+BkOo=</latexit><latexit sha1_base64="ojyd94y/KKrzHJisUT2Tb9oFvRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/+BkOo=</latexit><latexit sha1_base64="ojyd94y/KKrzHJisUT2Tb9oFvRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/+BkOo=</latexit><latexit sha1_base64="ojyd94y/KKrzHJisUT2Tb9oFvRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUtBjwYMeK9gP2a4lm2bb0CS7JFmhLP0VHtWLePXnePDfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx9czv/NElWaxvDeThAYCDyWLGMHGSg83j5lfD6Z9r1+uuFV3DrRKvJxUIEezX/7qDWKSCioN4Vhr33MTE2RYGUY4nZZ6qaYJJmM8pL6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0R4EQrbLLAZ6WV7Jv7n+amJroKMySQ1VJLFrijlyMRoFgAaMEWJ4RNLMFHMnovICCtMjI2pZHPwlr9eJe1a1XOr3l290qjliRThBE7hHDy4hAbcQhNaQEDAM7zCm5M6L86787FoLTj5zDH8gfP5A/+BkOo=</latexit>
Ψϑ(σ) =
<latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit><latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit><latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit><latexit sha1_base64="9QEtaw2XuRVwEVbX2+AOnzy1/WI=">AAACD3icbVDLSgMxFM34rPVVdelmsAgVpMyIoBuh4MZlBfuAzlDupJk2NMkMSaZQhvkAl36JS3Ujbv0AF/6N6XQW2nogcHLOvTe5J4gZVdpxvq2V1bX1jc3SVnl7Z3dvv3Jw2FZRIjFp4YhFshuAIowK0tJUM9KNJQEeMNIJxrczvzMhUtFIPOhpTHwOQ0FDikEbqV+pek1F+6kX8NSbgNQjoiHLavld0SGH7OzGVDl1J4e9TNyCVFGBZr/y5Q0inHAiNGagVM91Yu2nZjzFjGRlL1EkBjyGIekZKoAT5af5Mpl9apSBHUbSHKHtXP3dkQJXasqD84CbYg56pBbtmfif10t0eO2nVMSJJgLP3woTZuvInoVjD6gkWLOpIYAlNd+18QgkYG0iLJsc3MWtl0n7ou46dff+stpoFImU0DE6QTXkoivUQHeoiVoIo0f0jF7Rm/VkvVjv1se8dMUqeo7QH1ifP5U5nO8=</latexit>
σ
<latexit sha1_base64="zVER3tOQrq/xnghMdey/KDDlhRU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYwcRAdgmzk9lkyDyWmVklLPkMj+pFvPo1HvwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T9oG5VpQltEcaU7MTaUM0lblllOO6mmWMScPsSjm6n/8Ei1YUre23FKI4EHkiWMYOukbhiLPDRsIPCkV635dX8GtEyCgtSgQLNX/Qr7imSCSks4NqYb+KmNcqwtI5xOKmFmaIrJCA9o11GJBTVRPjt5gk6c0keJ0q6kRTP190SOhTFjEZ/FwjULbIdm0Z6K/3ndzCZXUc5kmlkqyXxXknFkFZpGgPpMU2L52BFMNHPnIjLEGhPrgqq4HILFr5dJ+7we+PXg7qLWuC4SKcMRHMMpBHAJDbiFJrSAgIJneIU378l78d69j3lryStmDuEPvM8flMaShQ==</latexit><latexit sha1_base64="zVER3tOQrq/xnghMdey/KDDlhRU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYwcRAdgmzk9lkyDyWmVklLPkMj+pFvPo1HvwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T9oG5VpQltEcaU7MTaUM0lblllOO6mmWMScPsSjm6n/8Ei1YUre23FKI4EHkiWMYOukbhiLPDRsIPCkV635dX8GtEyCgtSgQLNX/Qr7imSCSks4NqYb+KmNcqwtI5xOKmFmaIrJCA9o11GJBTVRPjt5gk6c0keJ0q6kRTP190SOhTFjEZ/FwjULbIdm0Z6K/3ndzCZXUc5kmlkqyXxXknFkFZpGgPpMU2L52BFMNHPnIjLEGhPrgqq4HILFr5dJ+7we+PXg7qLWuC4SKcMRHMMpBHAJDbiFJrSAgIJneIU378l78d69j3lryStmDuEPvM8flMaShQ==</latexit><latexit sha1_base64="zVER3tOQrq/xnghMdey/KDDlhRU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYwcRAdgmzk9lkyDyWmVklLPkMj+pFvPo1HvwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T9oG5VpQltEcaU7MTaUM0lblllOO6mmWMScPsSjm6n/8Ei1YUre23FKI4EHkiWMYOukbhiLPDRsIPCkV635dX8GtEyCgtSgQLNX/Qr7imSCSks4NqYb+KmNcqwtI5xOKmFmaIrJCA9o11GJBTVRPjt5gk6c0keJ0q6kRTP190SOhTFjEZ/FwjULbIdm0Z6K/3ndzCZXUc5kmlkqyXxXknFkFZpGgPpMU2L52BFMNHPnIjLEGhPrgqq4HILFr5dJ+7we+PXg7qLWuC4SKcMRHMMpBHAJDbiFJrSAgIJneIU378l78d69j3lryStmDuEPvM8flMaShQ==</latexit><latexit sha1_base64="zVER3tOQrq/xnghMdey/KDDlhRU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMevEYwcRAdgmzk9lkyDyWmVklLPkMj+pFvPo1HvwbJ8keNLGgoajqprsrTjkz1ve/vdLK6tr6RnmzsrW9s7tX3T9oG5VpQltEcaU7MTaUM0lblllOO6mmWMScPsSjm6n/8Ei1YUre23FKI4EHkiWMYOukbhiLPDRsIPCkV635dX8GtEyCgtSgQLNX/Qr7imSCSks4NqYb+KmNcqwtI5xOKmFmaIrJCA9o11GJBTVRPjt5gk6c0keJ0q6kRTP190SOhTFjEZ/FwjULbIdm0Z6K/3ndzCZXUc5kmlkqyXxXknFkFZpGgPpMU2L52BFMNHPnIjLEGhPrgqq4HILFr5dJ+7we+PXg7qLWuC4SKcMRHMMpBHAJDbiFJrSAgIJneIU378l78d69j3lryStmDuEPvM8flMaShQ==</latexit>
Ψ
<latexit sha1_base64="B5o83i6WsphfMKYo6ofWRR04ffQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcquCHosevFYwX5Au5Rsmm1Dk+ySZIWy9C94VC/i1T/kwX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjK8CKVrlsSOzbKdi/95vdRGN0HGVZJapuhiV5QKbGOc/46HXDNqxdQRQjV352I6JppQ6xKquBz85a9XSfuy7nt1/+Gq1rgtEinDCZzCOfhwDQ24hya0gMIYnuEV3lCCXtA7+li0llAxcwx/gD5/ANxsjzc=</latexit><latexit sha1_base64="B5o83i6WsphfMKYo6ofWRR04ffQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcquCHosevFYwX5Au5Rsmm1Dk+ySZIWy9C94VC/i1T/kwX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjK8CKVrlsSOzbKdi/95vdRGN0HGVZJapuhiV5QKbGOc/46HXDNqxdQRQjV352I6JppQ6xKquBz85a9XSfuy7nt1/+Gq1rgtEinDCZzCOfhwDQ24hya0gMIYnuEV3lCCXtA7+li0llAxcwx/gD5/ANxsjzc=</latexit><latexit sha1_base64="B5o83i6WsphfMKYo6ofWRR04ffQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcquCHosevFYwX5Au5Rsmm1Dk+ySZIWy9C94VC/i1T/kwX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjK8CKVrlsSOzbKdi/95vdRGN0HGVZJapuhiV5QKbGOc/46HXDNqxdQRQjV352I6JppQ6xKquBz85a9XSfuy7nt1/+Gq1rgtEinDCZzCOfhwDQ24hya0gMIYnuEV3lCCXtA7+li0llAxcwx/gD5/ANxsjzc=</latexit><latexit sha1_base64="B5o83i6WsphfMKYo6ofWRR04ffQ=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcquCHosevFYwX5Au5Rsmm1Dk+ySZIWy9C94VC/i1T/kwX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwu9ZuGD6o1r+7NgVeJX5AaFGgOql/9YUxTyZSlghjT873EBhnRllPBZpV+alhC6ISMWM9RRSQzQTa/dYbPnDLEUaxdKYvn6u+JjEhjpjK8CKVrlsSOzbKdi/95vdRGN0HGVZJapuhiV5QKbGOc/46HXDNqxdQRQjV352I6JppQ6xKquBz85a9XSfuy7nt1/+Gq1rgtEinDCZzCOfhwDQ24hya0gMIYnuEV3lCCXtA7+li0llAxcwx/gD5/ANxsjzc=</latexit>
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Figure 1. (a) Projection of the wavefunction on the basis state
〈σ| after the application of the quantum circuit Uˆ(ϑ) imple-
menting the change of basis. Here, the circuit is compiled into
a set of local two-qubit gates.
increase the sign of the real part of the wavefunction,
while forcing the imaginary part to be zero. Note that
the initial average sign can always be set to a positive
value by an appropriate global transformation.
Differentiable programming. Next, in order to evalu-
ate the gradients of the cost function we need to adopt a
representation of the input quantum state and the quan-
tum circuit amenable to scalable simulations. To this
end, we assume that the initial state admits an efficient
matrix product state (MPS) representation, and obtain
the final state by contracting the MPS with the various
gates in the circuit. At each intermediate step, provided
the circuit depth is not too large, the quantum state can
be restored into an MPS form by means of singular value
decompositions.
The calculation of the gradients is the most involved
step in the procedure, and analytical approaches would
clearly be intractable. We leverage automatic differenti-
ation (AD) techniques [12], routinely used in machine
learning applications to train neural-network architec-
tures [13] and recently applied to optimize tensor net-
work states [14]. The core object in AD is the compu-
tational graph implementing the set of elementary com-
putations (edges) acting on the variables (nodes). We
specifically implement reverse-accumulation AD, where a
forward pass first calculates the output of the graph, and
derivates are calculated starting from the output, and
back-propagated through the graph using a sequence of
Jacobian-vector products.
The computational graph implementing the positiviza-
tion is divided into three stages (Fig. 2). First, the circuit
Uˆϑ is applied to the input state through a series of ten-
sor contractions. The resulting output quantum state
|Ψϑ〉 = Uˆϑ|Ψ〉 is then sampled to generate a set of n con-
figurations {σj} approximating the sum in Eq. (1). The
projections of |Ψϑ〉 into these configurations are used to
3. . .
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<latexit sha1_base64="/MVOnOkSoHNPlqgT9KykyZ1i+kk=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeuOeBXXMaTgG4TNyS1ECJVmB/eYMYp5wIjRlSqu86ifYzM59iRvKqlyqSIDxGQ9I3VCBOlJ8V2+TwzCgDGMXSHKFhof7uyBBXasrDi5CbYo70SC3aM/E/r5/q6MbPqEhSTQSevxWlDOoYztKBAyoJ1mxqCMKSmu9CPEISYW0yrJoc3MWtl0nnsuE6Dff+qtZslolUwDE4AXXggmvQBHegBdoAg0fwDF7Bm/VkvVjv1se8dMUqe47AH1ifP0eSnUw=</latexit><latexit sha1_base64="/MVOnOkSoHNPlqgT9KykyZ1i+kk=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeuOeBXXMaTgG4TNyS1ECJVmB/eYMYp5wIjRlSqu86ifYzM59iRvKqlyqSIDxGQ9I3VCBOlJ8V2+TwzCgDGMXSHKFhof7uyBBXasrDi5CbYo70SC3aM/E/r5/q6MbPqEhSTQSevxWlDOoYztKBAyoJ1mxqCMKSmu9CPEISYW0yrJoc3MWtl0nnsuE6Dff+qtZslolUwDE4AXXggmvQBHegBdoAg0fwDF7Bm/VkvVjv1se8dMUqe47AH1ifP0eSnUw=</latexit><latexit sha1_base64="/MVOnOkSoHNPlqgT9KykyZ1i+kk=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeuOeBXXMaTgG4TNyS1ECJVmB/eYMYp5wIjRlSqu86ifYzM59iRvKqlyqSIDxGQ9I3VCBOlJ8V2+TwzCgDGMXSHKFhof7uyBBXasrDi5CbYo70SC3aM/E/r5/q6MbPqEhSTQSevxWlDOoYztKBAyoJ1mxqCMKSmu9CPEISYW0yrJoc3MWtl0nnsuE6Dff+qtZslolUwDE4AXXggmvQBHegBdoAg0fwDF7Bm/VkvVjv1se8dMUqe47AH1ifP0eSnUw=</latexit><latexit sha1_base64="/MVOnOkSoHNPlqgT9KykyZ1i+kk=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeuOeBXXMaTgG4TNyS1ECJVmB/eYMYp5wIjRlSqu86ifYzM59iRvKqlyqSIDxGQ9I3VCBOlJ8V2+TwzCgDGMXSHKFhof7uyBBXasrDi5CbYo70SC3aM/E/r5/q6MbPqEhSTQSevxWlDOoYztKBAyoJ1mxqCMKSmu9CPEISYW0yrJoc3MWtl0nnsuE6Dff+qtZslolUwDE4AXXggmvQBHegBdoAg0fwDF7Bm/VkvVjv1se8dMUqe47AH1ifP0eSnUw=</latexit>
hσ1|
<latexit sha1_base64="cpijJ/+I6FoZ5RMxcFUMrP8OCio=">AAACA3icbVBNS8NAEN3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhst20S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlsheBIowKkhbU81IL5UEeMRINxrfTP3uA5GKJuJeT1IScBgKGlMM2kihfeQzEENGcj/iua/okEMResVjaNfdhjuDs0y8ktRRiVZof/mDBGecCI0ZKNX33FQHOUhNMSNFzc8USQGPYUj6hgrgRAX57IHCOTXKwIkTaUpoZ6b+nsiBKzXh0XnETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbDWTg7f49TLpXDQ8t+HdXdabzTKRKjpGJ+gMeegKNdEtaqE2wqhAz+gVvVlP1ov1bn3MWytWOXOI/sD6/AF5Bpf/</latexit><latexit sha1_base64="cpijJ/+I6FoZ5RMxcFUMrP8OCio=">AAACA3icbVBNS8NAEN3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhst20S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlsheBIowKkhbU81IL5UEeMRINxrfTP3uA5GKJuJeT1IScBgKGlMM2kihfeQzEENGcj/iua/okEMResVjaNfdhjuDs0y8ktRRiVZof/mDBGecCI0ZKNX33FQHOUhNMSNFzc8USQGPYUj6hgrgRAX57IHCOTXKwIkTaUpoZ6b+nsiBKzXh0XnETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbDWTg7f49TLpXDQ8t+HdXdabzTKRKjpGJ+gMeegKNdEtaqE2wqhAz+gVvVlP1ov1bn3MWytWOXOI/sD6/AF5Bpf/</latexit><latexit sha1_base64="cpijJ/+I6FoZ5RMxcFUMrP8OCio=">AAACA3icbVBNS8NAEN3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhst20S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlsheBIowKkhbU81IL5UEeMRINxrfTP3uA5GKJuJeT1IScBgKGlMM2kihfeQzEENGcj/iua/okEMResVjaNfdhjuDs0y8ktRRiVZof/mDBGecCI0ZKNX33FQHOUhNMSNFzc8USQGPYUj6hgrgRAX57IHCOTXKwIkTaUpoZ6b+nsiBKzXh0XnETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbDWTg7f49TLpXDQ8t+HdXdabzTKRKjpGJ+gMeegKNdEtaqE2wqhAz+gVvVlP1ov1bn3MWytWOXOI/sD6/AF5Bpf/</latexit><latexit sha1_base64="cpijJ/+I6FoZ5RMxcFUMrP8OCio=">AAACA3icbVBNS8NAEN3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhst20S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlsheBIowKkhbU81IL5UEeMRINxrfTP3uA5GKJuJeT1IScBgKGlMM2kihfeQzEENGcj/iua/okEMResVjaNfdhjuDs0y8ktRRiVZof/mDBGecCI0ZKNX33FQHOUhNMSNFzc8USQGPYUj6hgrgRAX57IHCOTXKwIkTaUpoZ6b+nsiBKzXh0XnETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbDWTg7f49TLpXDQ8t+HdXdabzTKRKjpGJ+gMeegKNdEtaqE2wqhAz+gVvVlP1ov1bn3MWytWOXOI/sD6/AF5Bpf/</latexit>
hσ2|
<latexit sha1_base64="RJKubX6ApSLt3VRGJ/6DM4wVAQ4=">AAACA3icbVBNS8NAEN34WetX1IMHL8EieJCSFEGPBS8eK9gPaEKYbDft0t1N2N0IJeboL/GoXsSrP8OD/8Ztm4O2Phh4vDfDzLwoZVRp1/22VlbX1jc2K1vV7Z3dvX374LCjkkxi0sYJS2QvAkUYFaStqWakl0oCPGKkG41vpn73gUhFE3GvJykJOAwFjSkGbaTQPvYZiCEjuR/x3Fd0yKEIG8VjaNfcujuDs0y8ktRQiVZof/mDBGecCI0ZKNX33FQHOUhNMSNF1c8USQGPYUj6hgrgRAX57IHCOTPKwIkTaUpoZ6b+nsiBKzXh0UXETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbFWTg7f49TLpNOqeW/fuLmvNZplIBZ2gU3SOPHSFmugWtVAbYVSgZ/SK3qwn68V6tz7mrStWOXOE/sD6/AF6j5gA</latexit><latexit sha1_base64="RJKubX6ApSLt3VRGJ/6DM4wVAQ4=">AAACA3icbVBNS8NAEN34WetX1IMHL8EieJCSFEGPBS8eK9gPaEKYbDft0t1N2N0IJeboL/GoXsSrP8OD/8Ztm4O2Phh4vDfDzLwoZVRp1/22VlbX1jc2K1vV7Z3dvX374LCjkkxi0sYJS2QvAkUYFaStqWakl0oCPGKkG41vpn73gUhFE3GvJykJOAwFjSkGbaTQPvYZiCEjuR/x3Fd0yKEIG8VjaNfcujuDs0y8ktRQiVZof/mDBGecCI0ZKNX33FQHOUhNMSNF1c8USQGPYUj6hgrgRAX57IHCOTPKwIkTaUpoZ6b+nsiBKzXh0UXETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbFWTg7f49TLpNOqeW/fuLmvNZplIBZ2gU3SOPHSFmugWtVAbYVSgZ/SK3qwn68V6tz7mrStWOXOE/sD6/AF6j5gA</latexit><latexit sha1_base64="RJKubX6ApSLt3VRGJ/6DM4wVAQ4=">AAACA3icbVBNS8NAEN34WetX1IMHL8EieJCSFEGPBS8eK9gPaEKYbDft0t1N2N0IJeboL/GoXsSrP8OD/8Ztm4O2Phh4vDfDzLwoZVRp1/22VlbX1jc2K1vV7Z3dvX374LCjkkxi0sYJS2QvAkUYFaStqWakl0oCPGKkG41vpn73gUhFE3GvJykJOAwFjSkGbaTQPvYZiCEjuR/x3Fd0yKEIG8VjaNfcujuDs0y8ktRQiVZof/mDBGecCI0ZKNX33FQHOUhNMSNF1c8USQGPYUj6hgrgRAX57IHCOTPKwIkTaUpoZ6b+nsiBKzXh0UXETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbFWTg7f49TLpNOqeW/fuLmvNZplIBZ2gU3SOPHSFmugWtVAbYVSgZ/SK3qwn68V6tz7mrStWOXOE/sD6/AF6j5gA</latexit><latexit sha1_base64="RJKubX6ApSLt3VRGJ/6DM4wVAQ4=">AAACA3icbVBNS8NAEN34WetX1IMHL8EieJCSFEGPBS8eK9gPaEKYbDft0t1N2N0IJeboL/GoXsSrP8OD/8Ztm4O2Phh4vDfDzLwoZVRp1/22VlbX1jc2K1vV7Z3dvX374LCjkkxi0sYJS2QvAkUYFaStqWakl0oCPGKkG41vpn73gUhFE3GvJykJOAwFjSkGbaTQPvYZiCEjuR/x3Fd0yKEIG8VjaNfcujuDs0y8ktRQiVZof/mDBGecCI0ZKNX33FQHOUhNMSNF1c8USQGPYUj6hgrgRAX57IHCOTPKwIkTaUpoZ6b+nsiBKzXh0UXETTMHPVKL9lT8z+tnOr4OcirSTBOB57vijDk6caaBOAMqCdZsYghgSc25Dh6BBKxNbFWTg7f49TLpNOqeW/fuLmvNZplIBZ2gU3SOPHSFmugWtVAbYVSgZ/SK3qwn68V6tz7mrStWOXOE/sD6/AF6j5gA</latexit>
hσn|
<latexit sha1_base64="emLxB2h3r2e3zhLUYYFGCYGs9SY=">AAACA3icbVBNS8NAEJ3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhs920S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlshehBRhVJC2ppqRXioJ4hEj3Wh8M/W7D0Qqmoh7PUlJwNFQ0JhipI0U2kc+Q2LISO5HPPcVHXJUhKJ4DO2623BncJaJV5I6lGiF9pc/SHDGidCYIaX6npvqIEdSU8xIUfMzRVKEx2hI+oYKxIkK8tkDhXNqlIETJ9KU0M5M/T2RI67UhEfnETfNHOmRWrSn4n9eP9PxdZBTkWaaCDzfFWfM0YkzDcQZUEmwZhNDEJbUnOvgEZIIaxNbzeTgLX69TDoXDc9teHeX9WazTKQKx3ACZ+DBFTThFlrQBgwFPMMrvFlP1ov1bn3MWytWOXMIf2B9/gDWq5g8</latexit><latexit sha1_base64="emLxB2h3r2e3zhLUYYFGCYGs9SY=">AAACA3icbVBNS8NAEJ3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhs920S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlshehBRhVJC2ppqRXioJ4hEj3Wh8M/W7D0Qqmoh7PUlJwNFQ0JhipI0U2kc+Q2LISO5HPPcVHXJUhKJ4DO2623BncJaJV5I6lGiF9pc/SHDGidCYIaX6npvqIEdSU8xIUfMzRVKEx2hI+oYKxIkK8tkDhXNqlIETJ9KU0M5M/T2RI67UhEfnETfNHOmRWrSn4n9eP9PxdZBTkWaaCDzfFWfM0YkzDcQZUEmwZhNDEJbUnOvgEZIIaxNbzeTgLX69TDoXDc9teHeX9WazTKQKx3ACZ+DBFTThFlrQBgwFPMMrvFlP1ov1bn3MWytWOXMIf2B9/gDWq5g8</latexit><latexit sha1_base64="emLxB2h3r2e3zhLUYYFGCYGs9SY=">AAACA3icbVBNS8NAEJ3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhs920S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlshehBRhVJC2ppqRXioJ4hEj3Wh8M/W7D0Qqmoh7PUlJwNFQ0JhipI0U2kc+Q2LISO5HPPcVHXJUhKJ4DO2623BncJaJV5I6lGiF9pc/SHDGidCYIaX6npvqIEdSU8xIUfMzRVKEx2hI+oYKxIkK8tkDhXNqlIETJ9KU0M5M/T2RI67UhEfnETfNHOmRWrSn4n9eP9PxdZBTkWaaCDzfFWfM0YkzDcQZUEmwZhNDEJbUnOvgEZIIaxNbzeTgLX69TDoXDc9teHeX9WazTKQKx3ACZ+DBFTThFlrQBgwFPMMrvFlP1ov1bn3MWytWOXMIf2B9/gDWq5g8</latexit><latexit sha1_base64="emLxB2h3r2e3zhLUYYFGCYGs9SY=">AAACA3icbVBNS8NAEJ3Ur1q/oh48eAkWwYOURAQ9Frx4rGA/oAlhs920S3c3YXcjlJijv8SjehGv/gwP/hu3bQ7a+mDg8d4MM/OilFGlXffbqqysrq1vVDdrW9s7u3v2/kFHJZnEpI0TlshehBRhVJC2ppqRXioJ4hEj3Wh8M/W7D0Qqmoh7PUlJwNFQ0JhipI0U2kc+Q2LISO5HPPcVHXJUhKJ4DO2623BncJaJV5I6lGiF9pc/SHDGidCYIaX6npvqIEdSU8xIUfMzRVKEx2hI+oYKxIkK8tkDhXNqlIETJ9KU0M5M/T2RI67UhEfnETfNHOmRWrSn4n9eP9PxdZBTkWaaCDzfFWfM0YkzDcQZUEmwZhNDEJbUnOvgEZIIaxNbzeTgLX69TDoXDc9teHeX9WazTKQKx3ACZ+DBFTThFlrQBgwFPMMrvFlP1ov1bn3MWytWOXMIf2B9/gDWq5g8</latexit>
Ψϑ(σ2)
<latexit sha1_base64="lJrl5+Z5+jVQO5gtly0Bog1EiF4=">AAACEHicbVDLSgMxFM3UV62vUZduglWoIGWmCLosuHFZwT6gMwyZNG1Dk8yQZAplmB9w6Ze4VDfi1r0L/8Z0OgttPRA4Oefem9wTxowq7TjfVmltfWNzq7xd2dnd2z+wD486KkokJm0csUj2QqQIo4K0NdWM9GJJEA8Z6YaT27nfnRKpaCQe9CwmPkcjQYcUI22kwD7zWooGqRfy1JsiqcdEoyyr5XdFRxxlQeMisKtO3ckBV4lbkCoo0ArsL28Q4YQToTFDSvVdJ9Z+auZTzEhW8RJFYoQnaET6hgrEifLTfJsMnhtlAIeRNEdomKu/O1LElZrx8DLkppgjPVbL9lz8z+snenjjp1TEiSYCL94aJgzqCM7TgQMqCdZsZgjCkprvQjxGEmFtMqyYHNzlrVdJp1F3nbp7f1VtNotEyuAEnIIacME1aII70AJtgMEjeAav4M16sl6sd+tjUVqyip5j8AfW5w9JGp1N</latexit><latexit sha1_base64="lJrl5+Z5+jVQO5gtly0Bog1EiF4=">AAACEHicbVDLSgMxFM3UV62vUZduglWoIGWmCLosuHFZwT6gMwyZNG1Dk8yQZAplmB9w6Ze4VDfi1r0L/8Z0OgttPRA4Oefem9wTxowq7TjfVmltfWNzq7xd2dnd2z+wD486KkokJm0csUj2QqQIo4K0NdWM9GJJEA8Z6YaT27nfnRKpaCQe9CwmPkcjQYcUI22kwD7zWooGqRfy1JsiqcdEoyyr5XdFRxxlQeMisKtO3ckBV4lbkCoo0ArsL28Q4YQToTFDSvVdJ9Z+auZTzEhW8RJFYoQnaET6hgrEifLTfJsMnhtlAIeRNEdomKu/O1LElZrx8DLkppgjPVbL9lz8z+snenjjp1TEiSYCL94aJgzqCM7TgQMqCdZsZgjCkprvQjxGEmFtMqyYHNzlrVdJp1F3nbp7f1VtNotEyuAEnIIacME1aII70AJtgMEjeAav4M16sl6sd+tjUVqyip5j8AfW5w9JGp1N</latexit><latexit sha1_base64="lJrl5+Z5+jVQO5gtly0Bog1EiF4=">AAACEHicbVDLSgMxFM3UV62vUZduglWoIGWmCLosuHFZwT6gMwyZNG1Dk8yQZAplmB9w6Ze4VDfi1r0L/8Z0OgttPRA4Oefem9wTxowq7TjfVmltfWNzq7xd2dnd2z+wD486KkokJm0csUj2QqQIo4K0NdWM9GJJEA8Z6YaT27nfnRKpaCQe9CwmPkcjQYcUI22kwD7zWooGqRfy1JsiqcdEoyyr5XdFRxxlQeMisKtO3ckBV4lbkCoo0ArsL28Q4YQToTFDSvVdJ9Z+auZTzEhW8RJFYoQnaET6hgrEifLTfJsMnhtlAIeRNEdomKu/O1LElZrx8DLkppgjPVbL9lz8z+snenjjp1TEiSYCL94aJgzqCM7TgQMqCdZsZgjCkprvQjxGEmFtMqyYHNzlrVdJp1F3nbp7f1VtNotEyuAEnIIacME1aII70AJtgMEjeAav4M16sl6sd+tjUVqyip5j8AfW5w9JGp1N</latexit><latexit sha1_base64="lJrl5+Z5+jVQO5gtly0Bog1EiF4=">AAACEHicbVDLSgMxFM3UV62vUZduglWoIGWmCLosuHFZwT6gMwyZNG1Dk8yQZAplmB9w6Ze4VDfi1r0L/8Z0OgttPRA4Oefem9wTxowq7TjfVmltfWNzq7xd2dnd2z+wD486KkokJm0csUj2QqQIo4K0NdWM9GJJEA8Z6YaT27nfnRKpaCQe9CwmPkcjQYcUI22kwD7zWooGqRfy1JsiqcdEoyyr5XdFRxxlQeMisKtO3ckBV4lbkCoo0ArsL28Q4YQToTFDSvVdJ9Z+auZTzEhW8RJFYoQnaET6hgrEifLTfJsMnhtlAIeRNEdomKu/O1LElZrx8DLkppgjPVbL9lz8z+snenjjp1TEiSYCL94aJgzqCM7TgQMqCdZsZgjCkprvQjxGEmFtMqyYHNzlrVdJp1F3nbp7f1VtNotEyuAEnIIacME1aII70AJtgMEjeAav4M16sl6sd+tjUVqyip5j8AfW5w9JGp1N</latexit>
Ψϑ(σn)
<latexit sha1_base64="17Svw8NAfSikgKVic9TyGX9hseM=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeiPPArjkNpwBcJm5JaqBEK7C/vEGMU06Exgwp1XedRPuZmU8xI3nVSxVJEB6jIekbKhAnys+KbXJ4ZpQBjGJpjtCwUH93ZIgrNeXhRchNMUd6pBbtmfif1091dONnVCSpJgLP34pSBnUMZ+nAAZUEazY1BGFJzXchHiGJsDYZVk0O7uLWy6Rz2XCdhnt/VWs2y0Qq4BicgDpwwTVogjvQAm2AwSN4Bq/gzXqyXqx362NeumKVPUfgD6zPH6T6nYk=</latexit><latexit sha1_base64="17Svw8NAfSikgKVic9TyGX9hseM=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeiPPArjkNpwBcJm5JaqBEK7C/vEGMU06Exgwp1XedRPuZmU8xI3nVSxVJEB6jIekbKhAnys+KbXJ4ZpQBjGJpjtCwUH93ZIgrNeXhRchNMUd6pBbtmfif1091dONnVCSpJgLP34pSBnUMZ+nAAZUEazY1BGFJzXchHiGJsDYZVk0O7uLWy6Rz2XCdhnt/VWs2y0Qq4BicgDpwwTVogjvQAm2AwSN4Bq/gzXqyXqx362NeumKVPUfgD6zPH6T6nYk=</latexit><latexit sha1_base64="17Svw8NAfSikgKVic9TyGX9hseM=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeiPPArjkNpwBcJm5JaqBEK7C/vEGMU06Exgwp1XedRPuZmU8xI3nVSxVJEB6jIekbKhAnys+KbXJ4ZpQBjGJpjtCwUH93ZIgrNeXhRchNMUd6pBbtmfif1091dONnVCSpJgLP34pSBnUMZ+nAAZUEazY1BGFJzXchHiGJsDYZVk0O7uLWy6Rz2XCdhnt/VWs2y0Qq4BicgDpwwTVogjvQAm2AwSN4Bq/gzXqyXqx362NeumKVPUfgD6zPH6T6nYk=</latexit><latexit sha1_base64="17Svw8NAfSikgKVic9TyGX9hseM=">AAACEHicbVBNS8MwGE79nPOr6tFLcAoTZLQi6HHgxeME9wFrKWmWbmFJWpJ0MEr/gEd/iUf1Il69e/DfmHU96OYDgSfP875v8j5hwqjSjvNtrayurW9sVraq2zu7e/v2wWFHxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8O/O7EyIVjcWDnibE52goaEQx0kYK7FOvpWiQeSHPvAmSekQ0yvN6cVd0yFEeiPPArjkNpwBcJm5JaqBEK7C/vEGMU06Exgwp1XedRPuZmU8xI3nVSxVJEB6jIekbKhAnys+KbXJ4ZpQBjGJpjtCwUH93ZIgrNeXhRchNMUd6pBbtmfif1091dONnVCSpJgLP34pSBnUMZ+nAAZUEazY1BGFJzXchHiGJsDYZVk0O7uLWy6Rz2XCdhnt/VWs2y0Qq4BicgDpwwTVogjvQAm2AwSN4Bq/gzXqyXqx362NeumKVPUfgD6zPH6T6nYk=</latexit>
Cϑ(σ1)
<latexit sha1_base64="0PFqLEfAFW/9wTNwYqXx9vfmWKQ=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoKGVGBF0WunFZwT6gU4Y7adqGJjNDkimUYT7CpV/iUt2IWxcu/BszbRfaeiBwcu4jOSeIOVPacb6twtr6xuZWcbu0s7u3f2AfHrVUlEhCmyTikewEoChnIW1qpjntxJKCCDhtB+N6Xm9PqFQsCh/0NKY9AcOQDRgBbSTfvvAE6BEBntYzP/UCkXoTkHpENWRZZXZXbCgg891z3y47VWcGvErcBSmjBRq+/eX1I5IIGmrCQamu68S6l5r9jHCalbxE0RjIGIa0a2gIgqpeOjOV4TOj9PEgkuaEGs/U3xMpCKWmIrgMhGnOXajlci7+V+smenDbS1kYJ5qGZP7WIOFYRzgPCfeZpETzqSFAJDPfxWQEEog2UZZMDu6y61XSuqq6TtW9vy7XaotEiugEnaIKctENqqE71EBNRNAjekav6M16sl6sd+tj3lqwFjPH6A+szx8wA6B7</latexit><latexit sha1_base64="0PFqLEfAFW/9wTNwYqXx9vfmWKQ=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoKGVGBF0WunFZwT6gU4Y7adqGJjNDkimUYT7CpV/iUt2IWxcu/BszbRfaeiBwcu4jOSeIOVPacb6twtr6xuZWcbu0s7u3f2AfHrVUlEhCmyTikewEoChnIW1qpjntxJKCCDhtB+N6Xm9PqFQsCh/0NKY9AcOQDRgBbSTfvvAE6BEBntYzP/UCkXoTkHpENWRZZXZXbCgg891z3y47VWcGvErcBSmjBRq+/eX1I5IIGmrCQamu68S6l5r9jHCalbxE0RjIGIa0a2gIgqpeOjOV4TOj9PEgkuaEGs/U3xMpCKWmIrgMhGnOXajlci7+V+smenDbS1kYJ5qGZP7WIOFYRzgPCfeZpETzqSFAJDPfxWQEEog2UZZMDu6y61XSuqq6TtW9vy7XaotEiugEnaIKctENqqE71EBNRNAjekav6M16sl6sd+tj3lqwFjPH6A+szx8wA6B7</latexit><latexit sha1_base64="0PFqLEfAFW/9wTNwYqXx9vfmWKQ=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoKGVGBF0WunFZwT6gU4Y7adqGJjNDkimUYT7CpV/iUt2IWxcu/BszbRfaeiBwcu4jOSeIOVPacb6twtr6xuZWcbu0s7u3f2AfHrVUlEhCmyTikewEoChnIW1qpjntxJKCCDhtB+N6Xm9PqFQsCh/0NKY9AcOQDRgBbSTfvvAE6BEBntYzP/UCkXoTkHpENWRZZXZXbCgg891z3y47VWcGvErcBSmjBRq+/eX1I5IIGmrCQamu68S6l5r9jHCalbxE0RjIGIa0a2gIgqpeOjOV4TOj9PEgkuaEGs/U3xMpCKWmIrgMhGnOXajlci7+V+smenDbS1kYJ5qGZP7WIOFYRzgPCfeZpETzqSFAJDPfxWQEEog2UZZMDu6y61XSuqq6TtW9vy7XaotEiugEnaIKctENqqE71EBNRNAjekav6M16sl6sd+tj3lqwFjPH6A+szx8wA6B7</latexit><latexit sha1_base64="0PFqLEfAFW/9wTNwYqXx9vfmWKQ=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoKGVGBF0WunFZwT6gU4Y7adqGJjNDkimUYT7CpV/iUt2IWxcu/BszbRfaeiBwcu4jOSeIOVPacb6twtr6xuZWcbu0s7u3f2AfHrVUlEhCmyTikewEoChnIW1qpjntxJKCCDhtB+N6Xm9PqFQsCh/0NKY9AcOQDRgBbSTfvvAE6BEBntYzP/UCkXoTkHpENWRZZXZXbCgg891z3y47VWcGvErcBSmjBRq+/eX1I5IIGmrCQamu68S6l5r9jHCalbxE0RjIGIa0a2gIgqpeOjOV4TOj9PEgkuaEGs/U3xMpCKWmIrgMhGnOXajlci7+V+smenDbS1kYJ5qGZP7WIOFYRzgPCfeZpETzqSFAJDPfxWQEEog2UZZMDu6y61XSuqq6TtW9vy7XaotEiugEnaIKctENqqE71EBNRNAjekav6M16sl6sd+tj3lqwFjPH6A+szx8wA6B7</latexit>
Cϑ(σ2)
<latexit sha1_base64="6s+jDWXanOmpKwByfZNaPttHqX0=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUmaKoMtCNy4r2Ad0ynAnzbShycyQZAplmI9w6Ze4VDfi1oUL/8Z02oW2HgicnPtIzvFjzpS27W9rbX1jc2u7sFPc3ds/OCwdHbdVlEhCWyTikez6oChnIW1ppjntxpKC8Dnt+OPGrN6ZUKlYFD7oaUz7AoYhCxgBbSSvdOkK0CMCPG1kXur6InUnIPWIasiySn5XbCgg82oXXqlsV+0ceJU4C1JGCzS90pc7iEgiaKgJB6V6jh3rfmr2M8JpVnQTRWMgYxjSnqEhCKr6aW4qw+dGGeAgkuaEGufq74kUhFJT4V/5wjTPXKjl8kz8r9ZLdHDbT1kYJ5qGZP5WkHCsIzwLCQ+YpETzqSFAJDPfxWQEEog2URZNDs6y61XSrlUdu+rcX5fr9UUiBXSKzlAFOegG1dEdaqIWIugRPaNX9GY9WS/Wu/Uxb12zFjMn6A+szx8xi6B8</latexit><latexit sha1_base64="6s+jDWXanOmpKwByfZNaPttHqX0=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUmaKoMtCNy4r2Ad0ynAnzbShycyQZAplmI9w6Ze4VDfi1oUL/8Z02oW2HgicnPtIzvFjzpS27W9rbX1jc2u7sFPc3ds/OCwdHbdVlEhCWyTikez6oChnIW1ppjntxpKC8Dnt+OPGrN6ZUKlYFD7oaUz7AoYhCxgBbSSvdOkK0CMCPG1kXur6InUnIPWIasiySn5XbCgg82oXXqlsV+0ceJU4C1JGCzS90pc7iEgiaKgJB6V6jh3rfmr2M8JpVnQTRWMgYxjSnqEhCKr6aW4qw+dGGeAgkuaEGufq74kUhFJT4V/5wjTPXKjl8kz8r9ZLdHDbT1kYJ5qGZP5WkHCsIzwLCQ+YpETzqSFAJDPfxWQEEog2URZNDs6y61XSrlUdu+rcX5fr9UUiBXSKzlAFOegG1dEdaqIWIugRPaNX9GY9WS/Wu/Uxb12zFjMn6A+szx8xi6B8</latexit><latexit sha1_base64="6s+jDWXanOmpKwByfZNaPttHqX0=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUmaKoMtCNy4r2Ad0ynAnzbShycyQZAplmI9w6Ze4VDfi1oUL/8Z02oW2HgicnPtIzvFjzpS27W9rbX1jc2u7sFPc3ds/OCwdHbdVlEhCWyTikez6oChnIW1ppjntxpKC8Dnt+OPGrN6ZUKlYFD7oaUz7AoYhCxgBbSSvdOkK0CMCPG1kXur6InUnIPWIasiySn5XbCgg82oXXqlsV+0ceJU4C1JGCzS90pc7iEgiaKgJB6V6jh3rfmr2M8JpVnQTRWMgYxjSnqEhCKr6aW4qw+dGGeAgkuaEGufq74kUhFJT4V/5wjTPXKjl8kz8r9ZLdHDbT1kYJ5qGZP5WkHCsIzwLCQ+YpETzqSFAJDPfxWQEEog2URZNDs6y61XSrlUdu+rcX5fr9UUiBXSKzlAFOegG1dEdaqIWIugRPaNX9GY9WS/Wu/Uxb12zFjMn6A+szx8xi6B8</latexit><latexit sha1_base64="6s+jDWXanOmpKwByfZNaPttHqX0=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUmaKoMtCNy4r2Ad0ynAnzbShycyQZAplmI9w6Ze4VDfi1oUL/8Z02oW2HgicnPtIzvFjzpS27W9rbX1jc2u7sFPc3ds/OCwdHbdVlEhCWyTikez6oChnIW1ppjntxpKC8Dnt+OPGrN6ZUKlYFD7oaUz7AoYhCxgBbSSvdOkK0CMCPG1kXur6InUnIPWIasiySn5XbCgg82oXXqlsV+0ceJU4C1JGCzS90pc7iEgiaKgJB6V6jh3rfmr2M8JpVnQTRWMgYxjSnqEhCKr6aW4qw+dGGeAgkuaEGufq74kUhFJT4V/5wjTPXKjl8kz8r9ZLdHDbT1kYJ5qGZP5WkHCsIzwLCQ+YpETzqSFAJDPfxWQEEog2URZNDs6y61XSrlUdu+rcX5fr9UUiBXSKzlAFOegG1dEdaqIWIugRPaNX9GY9WS/Wu/Uxb12zFjMn6A+szx8xi6B8</latexit>
Cϑ(σn)
<latexit sha1_base64="v0CYaw2Bs4FqhU2eR5L1TOWQOsI=">AAACF3icbVDLSgMxFM3UV62vqks3g0WoKGVGBF0WunFZwT6gMwx30rQNTTJDkimUYT7CpV/iUt2IWxcu/BvTdhbaeiBwcu4jOSeMGVXacb6twtr6xuZWcbu0s7u3f1A+PGqrKJGYtHDEItkNQRFGBWlpqhnpxpIADxnphOPGrN6ZEKloJB70NCY+h6GgA4pBGykoX3gc9AgDSxtZkHohT70JSD0iGrKsOr8rOuSQBeI8KFecmjOHvUrcnFRQjmZQ/vL6EU44ERozUKrnOrH2U7OfYkaykpcoEgMew5D0DBXAifLTuanMPjNK3x5E0hyh7bn6eyIFrtSUh5chN80zF2q5PBP/q/USPbj1UyriRBOBF28NEmbryJ6FZPepJFizqSGAJTXftfEIJGBtoiyZHNxl16ukfVVznZp7f12p1/NEiugEnaIqctENqqM71EQthNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w+Na6C4</latexit><latexit sha1_base64="v0CYaw2Bs4FqhU2eR5L1TOWQOsI=">AAACF3icbVDLSgMxFM3UV62vqks3g0WoKGVGBF0WunFZwT6gMwx30rQNTTJDkimUYT7CpV/iUt2IWxcu/BvTdhbaeiBwcu4jOSeMGVXacb6twtr6xuZWcbu0s7u3f1A+PGqrKJGYtHDEItkNQRFGBWlpqhnpxpIADxnphOPGrN6ZEKloJB70NCY+h6GgA4pBGykoX3gc9AgDSxtZkHohT70JSD0iGrKsOr8rOuSQBeI8KFecmjOHvUrcnFRQjmZQ/vL6EU44ERozUKrnOrH2U7OfYkaykpcoEgMew5D0DBXAifLTuanMPjNK3x5E0hyh7bn6eyIFrtSUh5chN80zF2q5PBP/q/USPbj1UyriRBOBF28NEmbryJ6FZPepJFizqSGAJTXftfEIJGBtoiyZHNxl16ukfVVznZp7f12p1/NEiugEnaIqctENqqM71EQthNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w+Na6C4</latexit><latexit sha1_base64="v0CYaw2Bs4FqhU2eR5L1TOWQOsI=">AAACF3icbVDLSgMxFM3UV62vqks3g0WoKGVGBF0WunFZwT6gMwx30rQNTTJDkimUYT7CpV/iUt2IWxcu/BvTdhbaeiBwcu4jOSeMGVXacb6twtr6xuZWcbu0s7u3f1A+PGqrKJGYtHDEItkNQRFGBWlpqhnpxpIADxnphOPGrN6ZEKloJB70NCY+h6GgA4pBGykoX3gc9AgDSxtZkHohT70JSD0iGrKsOr8rOuSQBeI8KFecmjOHvUrcnFRQjmZQ/vL6EU44ERozUKrnOrH2U7OfYkaykpcoEgMew5D0DBXAifLTuanMPjNK3x5E0hyh7bn6eyIFrtSUh5chN80zF2q5PBP/q/USPbj1UyriRBOBF28NEmbryJ6FZPepJFizqSGAJTXftfEIJGBtoiyZHNxl16ukfVVznZp7f12p1/NEiugEnaIqctENqqM71EQthNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w+Na6C4</latexit><latexit sha1_base64="v0CYaw2Bs4FqhU2eR5L1TOWQOsI=">AAACF3icbVDLSgMxFM3UV62vqks3g0WoKGVGBF0WunFZwT6gMwx30rQNTTJDkimUYT7CpV/iUt2IWxcu/BvTdhbaeiBwcu4jOSeMGVXacb6twtr6xuZWcbu0s7u3f1A+PGqrKJGYtHDEItkNQRFGBWlpqhnpxpIADxnphOPGrN6ZEKloJB70NCY+h6GgA4pBGykoX3gc9AgDSxtZkHohT70JSD0iGrKsOr8rOuSQBeI8KFecmjOHvUrcnFRQjmZQ/vL6EU44ERozUKrnOrH2U7OfYkaykpcoEgMew5D0DBXAifLTuanMPjNK3x5E0hyh7bn6eyIFrtSUh5chN80zF2q5PBP/q/USPbj1UyriRBOBF28NEmbryJ6FZPepJFizqSGAJTXftfEIJGBtoiyZHNxl16ukfVVznZp7f12p1/NEiugEnaIqctENqqM71EQthNEjekav6M16sl6sd+tj0Vqw8plj9AfW5w+Na6C4</latexit>
ϑ
<latexit sha1_base64="m4jXA8vo5e0WP1DybZbxboSsg5Q=">AAAB+HicbVBNSwMxEM3Wr1q/qh69LBbBg5RdEfRY8OKxgv2Adi3ZdLYNTbJLMluoS/+HR/UiXv0vHvw3pu0etPXBwOO9mWTmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjpolTzaDBYhHrdkgNCK6ggRwFtBMNVIYCWuHodua3xqANj9UDThIIJB0oHnFG0UqP3VBm3THVOASk01654lW9OdxV4uekQnLUe+Wvbj9mqQSFTFBjOr6XYJDZ9zgTMC11UwMJZSM6gI6likowQTbfeuqeWaXvRrG2pdCdq78nMiqNmcjwIpS2WVIcmmV7Jv7ndVKMboKMqyRFUGzxV5QKF2N3loLb5xoYiokllGlu13XZkGrK0GZVsjn4y1evkuZl1feq/v1VpVbLEymSE3JKzolPrkmN3JE6aRBGNHkmr+TNeXJenHfnY9FacPKZY/IHzucPEIST7w==</latexit><latexit sha1_base64="m4jXA8vo5e0WP1DybZbxboSsg5Q=">AAAB+HicbVBNSwMxEM3Wr1q/qh69LBbBg5RdEfRY8OKxgv2Adi3ZdLYNTbJLMluoS/+HR/UiXv0vHvw3pu0etPXBwOO9mWTmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjpolTzaDBYhHrdkgNCK6ggRwFtBMNVIYCWuHodua3xqANj9UDThIIJB0oHnFG0UqP3VBm3THVOASk01654lW9OdxV4uekQnLUe+Wvbj9mqQSFTFBjOr6XYJDZ9zgTMC11UwMJZSM6gI6likowQTbfeuqeWaXvRrG2pdCdq78nMiqNmcjwIpS2WVIcmmV7Jv7ndVKMboKMqyRFUGzxV5QKF2N3loLb5xoYiokllGlu13XZkGrK0GZVsjn4y1evkuZl1feq/v1VpVbLEymSE3JKzolPrkmN3JE6aRBGNHkmr+TNeXJenHfnY9FacPKZY/IHzucPEIST7w==</latexit><latexit sha1_base64="m4jXA8vo5e0WP1DybZbxboSsg5Q=">AAAB+HicbVBNSwMxEM3Wr1q/qh69LBbBg5RdEfRY8OKxgv2Adi3ZdLYNTbJLMluoS/+HR/UiXv0vHvw3pu0etPXBwOO9mWTmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjpolTzaDBYhHrdkgNCK6ggRwFtBMNVIYCWuHodua3xqANj9UDThIIJB0oHnFG0UqP3VBm3THVOASk01654lW9OdxV4uekQnLUe+Wvbj9mqQSFTFBjOr6XYJDZ9zgTMC11UwMJZSM6gI6likowQTbfeuqeWaXvRrG2pdCdq78nMiqNmcjwIpS2WVIcmmV7Jv7ndVKMboKMqyRFUGzxV5QKF2N3loLb5xoYiokllGlu13XZkGrK0GZVsjn4y1evkuZl1feq/v1VpVbLEymSE3JKzolPrkmN3JE6aRBGNHkmr+TNeXJenHfnY9FacPKZY/IHzucPEIST7w==</latexit><latexit sha1_base64="m4jXA8vo5e0WP1DybZbxboSsg5Q=">AAAB+HicbVBNSwMxEM3Wr1q/qh69LBbBg5RdEfRY8OKxgv2Adi3ZdLYNTbJLMluoS/+HR/UiXv0vHvw3pu0etPXBwOO9mWTmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjpolTzaDBYhHrdkgNCK6ggRwFtBMNVIYCWuHodua3xqANj9UDThIIJB0oHnFG0UqP3VBm3THVOASk01654lW9OdxV4uekQnLUe+Wvbj9mqQSFTFBjOr6XYJDZ9zgTMC11UwMJZSM6gI6likowQTbfeuqeWaXvRrG2pdCdq78nMiqNmcjwIpS2WVIcmmV7Jv7ndVKMboKMqyRFUGzxV5QKF2N3loLb5xoYiokllGlu13XZkGrK0GZVsjn4y1evkuZl1feq/v1VpVbLEymSE3JKzolPrkmN3JE6aRBGNHkmr+TNeXJenHfnY9FacPKZY/IHzucPEIST7w==</latexit>
|Ψϑi
<latexit sha1_base64="h2G0RsdAg9MXp2Co3eyh8Bqqa4U=">AAACCXicbVDLSsNAFJ3UV62vqEsRgkVwISURQZcFNy4r2Ac0IUymN+3QmUmYmRRK7MqlX+JS3Yhbv8GFf+O0zUJbD1w4nHPvzL0nShlV2nW/rdLK6tr6RnmzsrW9s7tn7x+0VJJJAk2SsER2IqyAUQFNTTWDTioB84hBOxreTP32CKSiibjX4xQCjvuCxpRgbaTQPn7wG4qGuR/x3B9hqQeg8WTiSyz6DEK76tbcGZxl4hWkigo0QvvL7yUk4yA0YVipruemOsjNu5QwmFT8TEGKyRD3oWuowBxUkM/OmDinRuk5cSJNCe3M1N8TOeZKjXl0HnHTzLEeqEV7Kv7ndTMdXwc5FWmmQZD5X3HGHJ0401icHpVANBsbgomkZl2HDLDERJvwKiYHb/HqZdK6qHluzbu7rNbrRSJldIRO0Bny0BWqo1vUQE1E0CN6Rq/ozXqyXqx362PeWrKKmUP0B9bnD6yEmuY=</latexit><latexit sha1_base64="h2G0RsdAg9MXp2Co3eyh8Bqqa4U=">AAACCXicbVDLSsNAFJ3UV62vqEsRgkVwISURQZcFNy4r2Ac0IUymN+3QmUmYmRRK7MqlX+JS3Yhbv8GFf+O0zUJbD1w4nHPvzL0nShlV2nW/rdLK6tr6RnmzsrW9s7tn7x+0VJJJAk2SsER2IqyAUQFNTTWDTioB84hBOxreTP32CKSiibjX4xQCjvuCxpRgbaTQPn7wG4qGuR/x3B9hqQeg8WTiSyz6DEK76tbcGZxl4hWkigo0QvvL7yUk4yA0YVipruemOsjNu5QwmFT8TEGKyRD3oWuowBxUkM/OmDinRuk5cSJNCe3M1N8TOeZKjXl0HnHTzLEeqEV7Kv7ndTMdXwc5FWmmQZD5X3HGHJ0401icHpVANBsbgomkZl2HDLDERJvwKiYHb/HqZdK6qHluzbu7rNbrRSJldIRO0Bny0BWqo1vUQE1E0CN6Rq/ozXqyXqx362PeWrKKmUP0B9bnD6yEmuY=</latexit><latexit sha1_base64="h2G0RsdAg9MXp2Co3eyh8Bqqa4U=">AAACCXicbVDLSsNAFJ3UV62vqEsRgkVwISURQZcFNy4r2Ac0IUymN+3QmUmYmRRK7MqlX+JS3Yhbv8GFf+O0zUJbD1w4nHPvzL0nShlV2nW/rdLK6tr6RnmzsrW9s7tn7x+0VJJJAk2SsER2IqyAUQFNTTWDTioB84hBOxreTP32CKSiibjX4xQCjvuCxpRgbaTQPn7wG4qGuR/x3B9hqQeg8WTiSyz6DEK76tbcGZxl4hWkigo0QvvL7yUk4yA0YVipruemOsjNu5QwmFT8TEGKyRD3oWuowBxUkM/OmDinRuk5cSJNCe3M1N8TOeZKjXl0HnHTzLEeqEV7Kv7ndTMdXwc5FWmmQZD5X3HGHJ0401icHpVANBsbgomkZl2HDLDERJvwKiYHb/HqZdK6qHluzbu7rNbrRSJldIRO0Bny0BWqo1vUQE1E0CN6Rq/ozXqyXqx362PeWrKKmUP0B9bnD6yEmuY=</latexit><latexit sha1_base64="h2G0RsdAg9MXp2Co3eyh8Bqqa4U=">AAACCXicbVDLSsNAFJ3UV62vqEsRgkVwISURQZcFNy4r2Ac0IUymN+3QmUmYmRRK7MqlX+JS3Yhbv8GFf+O0zUJbD1w4nHPvzL0nShlV2nW/rdLK6tr6RnmzsrW9s7tn7x+0VJJJAk2SsER2IqyAUQFNTTWDTioB84hBOxreTP32CKSiibjX4xQCjvuCxpRgbaTQPn7wG4qGuR/x3B9hqQeg8WTiSyz6DEK76tbcGZxl4hWkigo0QvvL7yUk4yA0YVipruemOsjNu5QwmFT8TEGKyRD3oWuowBxUkM/OmDinRuk5cSJNCe3M1N8TOeZKjXl0HnHTzLEeqEV7Kv7ndTMdXwc5FWmmQZD5X3HGHJ0401icHpVANBsbgomkZl2HDLDERJvwKiYHb/HqZdK6qHluzbu7rNbrRSJldIRO0Bny0BWqo1vUQE1E0CN6Rq/ozXqyXqx362PeWrKKmUP0B9bnD6yEmuY=</latexit>
|Ψi
<latexit sha1_base64="/JN5ChlXp+HSBNh26XcATaKzbEM=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh4LXjxWsK3QhLLZTtqlu5uwuxFL7N/wqF7Eq3/Gg//GbZuDtj4YeLw3w8y8KOVMG8/7dkorq2vrG+XNytb2zu5edf+grZNMUWzRhCfqPiIaOZPYMsxwvE8VEhFx7ESj66nfeUClWSLvzDjFUJCBZDGjxFgpeAqamgWKyAHHXrXm1b0Z3GXiF6QGBZq96lfQT2gmUBrKidZd30tNmBNlGOU4qQSZxpTQERlg11JJBOown908cU+s0nfjRNmSxp2pvydyIrQei+gsErZZEDPUi/ZU/M/rZia+CnMm08ygpPNdccZdk7jTDNw+U0gNH1tCqGL2XJcOiSLU2KQqNgd/8etl0j6v+17dv72oNRpFImU4gmM4BR8uoQE30IQWUEjhGV7hzXl0Xpx352PeWnKKmUP4A+fzBy0IktY=</latexit><latexit sha1_base64="/JN5ChlXp+HSBNh26XcATaKzbEM=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh4LXjxWsK3QhLLZTtqlu5uwuxFL7N/wqF7Eq3/Gg//GbZuDtj4YeLw3w8y8KOVMG8/7dkorq2vrG+XNytb2zu5edf+grZNMUWzRhCfqPiIaOZPYMsxwvE8VEhFx7ESj66nfeUClWSLvzDjFUJCBZDGjxFgpeAqamgWKyAHHXrXm1b0Z3GXiF6QGBZq96lfQT2gmUBrKidZd30tNmBNlGOU4qQSZxpTQERlg11JJBOown908cU+s0nfjRNmSxp2pvydyIrQei+gsErZZEDPUi/ZU/M/rZia+CnMm08ygpPNdccZdk7jTDNw+U0gNH1tCqGL2XJcOiSLU2KQqNgd/8etl0j6v+17dv72oNRpFImU4gmM4BR8uoQE30IQWUEjhGV7hzXl0Xpx352PeWnKKmUP4A+fzBy0IktY=</latexit><latexit sha1_base64="/JN5ChlXp+HSBNh26XcATaKzbEM=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh4LXjxWsK3QhLLZTtqlu5uwuxFL7N/wqF7Eq3/Gg//GbZuDtj4YeLw3w8y8KOVMG8/7dkorq2vrG+XNytb2zu5edf+grZNMUWzRhCfqPiIaOZPYMsxwvE8VEhFx7ESj66nfeUClWSLvzDjFUJCBZDGjxFgpeAqamgWKyAHHXrXm1b0Z3GXiF6QGBZq96lfQT2gmUBrKidZd30tNmBNlGOU4qQSZxpTQERlg11JJBOown908cU+s0nfjRNmSxp2pvydyIrQei+gsErZZEDPUi/ZU/M/rZia+CnMm08ygpPNdccZdk7jTDNw+U0gNH1tCqGL2XJcOiSLU2KQqNgd/8etl0j6v+17dv72oNRpFImU4gmM4BR8uoQE30IQWUEjhGV7hzXl0Xpx352PeWnKKmUP4A+fzBy0IktY=</latexit><latexit sha1_base64="/JN5ChlXp+HSBNh26XcATaKzbEM=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69BIvgQUoigh4LXjxWsK3QhLLZTtqlu5uwuxFL7N/wqF7Eq3/Gg//GbZuDtj4YeLw3w8y8KOVMG8/7dkorq2vrG+XNytb2zu5edf+grZNMUWzRhCfqPiIaOZPYMsxwvE8VEhFx7ESj66nfeUClWSLvzDjFUJCBZDGjxFgpeAqamgWKyAHHXrXm1b0Z3GXiF6QGBZq96lfQT2gmUBrKidZd30tNmBNlGOU4qQSZxpTQERlg11JJBOown908cU+s0nfjRNmSxp2pvydyIrQei+gsErZZEDPUi/ZU/M/rZia+CnMm08ygpPNdccZdk7jTDNw+U0gNH1tCqGL2XJcOiSLU2KQqNgd/8etl0j6v+17dv72oNRpFImU4gmM4BR8uoQE30IQWUEjhGV7hzXl0Xpx352PeWnKKmUP4A+fzBy0IktY=</latexit>
eC(ϑ)
<latexit sha1_base64="dSpf6YXt7uhXGq91+hrm+z9/Zh8=">AAACE3icbVDLSsNAFJ34rPVVdekmWMQKUhIRdFnoxmUF+4CmlMnkth06k4SZm0oJ+QSXfolLdSNuXbrwb5w+Ftp6YOBwzr137j1+LLhGx/m2VlbX1jc2c1v57Z3dvf3CwWFDR4liUGeRiFTLpxoED6GOHAW0YgVU+gKa/rA68ZsjUJpH4T2OY+hI2g95jzOKRuoWzrwHHgByEUDqSYoDRkVazbKS58vUG1GFA0CanXcLRafsTGEvE3dOimSOWrfw5QURSySEyATVuu06MXZSM5AzAVneSzTElA1pH9qGhlSC7qTTgzL71CiB3YuUeSHaU/V3R0ql1mPpX/jSFE/W1ov2RPzPayfYu+mkPIwThJDN/uolwsbIngRkB1wBQzE2hDLFzbo2G1BFGZoY8yYHd/HqZdK4LLtO2b27KlYq80Ry5JickBJxyTWpkFtSI3XCyCN5Jq/kzXqyXqx362NWumLNe47IH1ifPzJUnus=</latexit><latexit sha1_base64="dSpf6YXt7uhXGq91+hrm+z9/Zh8=">AAACE3icbVDLSsNAFJ34rPVVdekmWMQKUhIRdFnoxmUF+4CmlMnkth06k4SZm0oJ+QSXfolLdSNuXbrwb5w+Ftp6YOBwzr137j1+LLhGx/m2VlbX1jc2c1v57Z3dvf3CwWFDR4liUGeRiFTLpxoED6GOHAW0YgVU+gKa/rA68ZsjUJpH4T2OY+hI2g95jzOKRuoWzrwHHgByEUDqSYoDRkVazbKS58vUG1GFA0CanXcLRafsTGEvE3dOimSOWrfw5QURSySEyATVuu06MXZSM5AzAVneSzTElA1pH9qGhlSC7qTTgzL71CiB3YuUeSHaU/V3R0ql1mPpX/jSFE/W1ov2RPzPayfYu+mkPIwThJDN/uolwsbIngRkB1wBQzE2hDLFzbo2G1BFGZoY8yYHd/HqZdK4LLtO2b27KlYq80Ry5JickBJxyTWpkFtSI3XCyCN5Jq/kzXqyXqx362NWumLNe47IH1ifPzJUnus=</latexit><latexit sha1_base64="dSpf6YXt7uhXGq91+hrm+z9/Zh8=">AAACE3icbVDLSsNAFJ34rPVVdekmWMQKUhIRdFnoxmUF+4CmlMnkth06k4SZm0oJ+QSXfolLdSNuXbrwb5w+Ftp6YOBwzr137j1+LLhGx/m2VlbX1jc2c1v57Z3dvf3CwWFDR4liUGeRiFTLpxoED6GOHAW0YgVU+gKa/rA68ZsjUJpH4T2OY+hI2g95jzOKRuoWzrwHHgByEUDqSYoDRkVazbKS58vUG1GFA0CanXcLRafsTGEvE3dOimSOWrfw5QURSySEyATVuu06MXZSM5AzAVneSzTElA1pH9qGhlSC7qTTgzL71CiB3YuUeSHaU/V3R0ql1mPpX/jSFE/W1ov2RPzPayfYu+mkPIwThJDN/uolwsbIngRkB1wBQzE2hDLFzbo2G1BFGZoY8yYHd/HqZdK4LLtO2b27KlYq80Ry5JickBJxyTWpkFtSI3XCyCN5Jq/kzXqyXqx362NWumLNe47IH1ifPzJUnus=</latexit><latexit sha1_base64="dSpf6YXt7uhXGq91+hrm+z9/Zh8=">AAACE3icbVDLSsNAFJ34rPVVdekmWMQKUhIRdFnoxmUF+4CmlMnkth06k4SZm0oJ+QSXfolLdSNuXbrwb5w+Ftp6YOBwzr137j1+LLhGx/m2VlbX1jc2c1v57Z3dvf3CwWFDR4liUGeRiFTLpxoED6GOHAW0YgVU+gKa/rA68ZsjUJpH4T2OY+hI2g95jzOKRuoWzrwHHgByEUDqSYoDRkVazbKS58vUG1GFA0CanXcLRafsTGEvE3dOimSOWrfw5QURSySEyATVuu06MXZSM5AzAVneSzTElA1pH9qGhlSC7qTTgzL71CiB3YuUeSHaU/V3R0ql1mPpX/jSFE/W1ov2RPzPayfYu+mkPIwThJDN/uolwsbIngRkB1wBQzE2hDLFzbo2G1BFGZoY8yYHd/HqZdK4LLtO2b27KlYq80Ry5JickBJxyTWpkFtSI3XCyCN5Jq/kzXqyXqx362NWumLNe47IH1ifPzJUnus=</latexit>
SvN(Tr|ΨϑihΨϑ|)
<latexit sha1_base64="vnY8v95+rYPn97JqgDi8CllxFSU="></latexit><latexit sha1_base64="vnY8v95+rYPn97JqgDi8CllxFSU="></latexit><latexit sha1_base64="vnY8v95+rYPn97JqgDi8CllxFSU="></latexit><latexit sha1_base64="vnY8v95+rYPn97JqgDi8CllxFSU="></latexit>
<latexit sha1_base64="HXnozTl/o/xX9PkU+EeZD3ayzFA=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4IuK25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7MWV3g==</latexit><latexit sha1_base64="HXnozTl/o/xX9PkU+EeZD3ayzFA=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4IuK25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7MWV3g==</latexit><latexit sha1_base64="HXnozTl/o/xX9PkU+EeZD3ayzFA=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4IuK25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7MWV3g==</latexit><latexit sha1_base64="HXnozTl/o/xX9PkU+EeZD3ayzFA=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4IuK25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7MWV3g==</latexit>
<latexit sha1_base64="3OwYaYSpdgzqQAeJ6hMuD9lHl6I=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7k2V3w==</latexit><latexit sha1_base64="3OwYaYSpdgzqQAeJ6hMuD9lHl6I=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7k2V3w==</latexit><latexit sha1_base64="3OwYaYSpdgzqQAeJ6hMuD9lHl6I=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7k2V3w==</latexit><latexit sha1_base64="3OwYaYSpdgzqQAeJ6hMuD9lHl6I=">AAAB/3icbZDLSgMxFIYz9VbrbbRLN8EiuJAyI4Iui25cVrQXaIeSSc+0oZkLyRmxDF34JC7Vjbj1QVz4NqbtLLT1QODj/89JTn4/kUKj43xbhZXVtfWN4mZpa3tnd8/eP2jqOFUcGjyWsWr7TIMUETRQoIR2ooCFvoSWP7qe+q0HUFrE0T2OE/BCNohEIDhDI/XschfhEbO71JcMUXCgV5OeXXGqzqzoMrg5VEhe9Z791e3HPA0hQi6Z1h3XSdDLmDIXSpiUuqmGhPERG0DHYMRC0F42W35Cj43Sp0GszImQztTfExkLtR6HvukMGQ71ojcVT/3wP7uTYnDpZSJKUoSIz98KUkkxptMwaF8o4CjHBhhXwqxL+ZApxtFEVjI5uIu/XobmWdU1fHteqdE8kSI5JEfkhLjkgtTIDamTBuFkTJ7JK3mznqwX6936mLcWrHymTP6U9fkD7k2V3w==</latexit>
<latexit sha1_base64="HChImiANxLXrvprsJNczed7msmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPQY8CKeIpoHJEuYncwmQ+axzMwKYckneFQv4tUv8uDfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++4lqw5R8tJOEhgIPJYsZwdZJD3f9oF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn81Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcSLSPxnd1MbX4cZk0lqqSSLXXHKkVVo9joaME2J5RNHMNHMnYvICGtMrAuo5HIIlr9eJa3LauBXg/tape7niRThBE7hHAK4gjrcQgOaQGAIz/AKb57yXrx372PRWvDymWP4A+/zB6vqjm0=</latexit><latexit sha1_base64="HChImiANxLXrvprsJNczed7msmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPQY8CKeIpoHJEuYncwmQ+axzMwKYckneFQv4tUv8uDfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++4lqw5R8tJOEhgIPJYsZwdZJD3f9oF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn81Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcSLSPxnd1MbX4cZk0lqqSSLXXHKkVVo9joaME2J5RNHMNHMnYvICGtMrAuo5HIIlr9eJa3LauBXg/tape7niRThBE7hHAK4gjrcQgOaQGAIz/AKb57yXrx372PRWvDymWP4A+/zB6vqjm0=</latexit><latexit sha1_base64="HChImiANxLXrvprsJNczed7msmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPQY8CKeIpoHJEuYncwmQ+axzMwKYckneFQv4tUv8uDfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++4lqw5R8tJOEhgIPJYsZwdZJD3f9oF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn81Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcSLSPxnd1MbX4cZk0lqqSSLXXHKkVVo9joaME2J5RNHMNHMnYvICGtMrAuo5HIIlr9eJa3LauBXg/tape7niRThBE7hHAK4gjrcQgOaQGAIz/AKb57yXrx372PRWvDymWP4A+/zB6vqjm0=</latexit><latexit sha1_base64="HChImiANxLXrvprsJNczed7msmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPQY8CKeIpoHJEuYncwmQ+axzMwKYckneFQv4tUv8uDfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdibChnEnatMxy2kk0xSLitB2Nb2Z++4lqw5R8tJOEhgIPJYsZwdZJD3f9oF+u+FV/DrRKgpxUIEejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF1HJRbUhNn81Ck6c8oAxUq7khbN1d8TGRbGTETkOgW2I7PszcSLSPxnd1MbX4cZk0lqqSSLXXHKkVVo9joaME2J5RNHMNHMnYvICGtMrAuo5HIIlr9eJa3LauBXg/tape7niRThBE7hHAK4gjrcQgOaQGAIz/AKb57yXrx372PRWvDymWP4A+/zB6vqjm0=</latexit>
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Figure 2. Schematic of the computational graph for the
calculation of the cost function. The output quantum state
|Ψϑ〉, obtained by contracting the circuit tensor network, is
sampled to generate the configurations {σj}, which are used
to compute the cost function. In addition, the entanglement
entropy of the output state is added as a regularization to
mitigate the growth of entanglement in deep circuits.
estimate the sample-wise cost function
C˜(ϑ) = 1
n
n∑
j=1
Cϑ(σj) + αSvN(ρˆA) . (3)
Note that we have also added a term proportional to the
entanglement entropy SvN(ρˆA) = −Tr(ρˆA log ρˆA), where
ρˆA is the reduced density matrix for a equal bipartition
of the qubits and α is a small weight. We introduce
this type of regularization to the cost function to limit
the growth of entanglement generated by the application
of the gates, particularly relevant in the optimization of
deep quantum circuits. Once the computational graph
is compiled, the reverse-accumulation step evaluates the
derivatives with respect to each gate parameter in the
circuit (see Supplementary Material for more details).
Results. We focus on the ground state wavefunctions
of a two-leg triangular ladder with Hamiltonian
Hˆ = J1
∑
j
Sˆj · Sˆj+1 + J2
∑
j
Sˆj · Sˆj+2
+
Jr
2
∑
j
Pˆj,j+1,j+3,j+2 + Pˆ
†
j,j+1,j+3,j+2 ,
(4)
where Sˆj are spin-1/2 operators. Here, the ring-exchange
term corresponds to the cyclic exchange of spin states,
Pˆi,j,k,l|Szi , Szj , Szk , Szl 〉 = |Szl , Szi , Szj , Szk〉 and the cou-
plings are J1 = 1, J2, Jr > 0. The model in Eq. (4)
exhibits a range of ground states with a sign structure
of tunable complexity, so it serves as a representative
testbed for our experiments. Whereas for J1 = Jr = 0 or
J2 = Jr = 0 the sign of the ground state wavefunction
can be eliminated via a unitary transformation acting on
single spins [15], for Jr/J1  1 and J2/J1  1 the model
displays an exotic spin Bose-Metal (SBM) phase endowed
with a complex sign structure associated with the pres-
ence of singular wave vectors or “Bose surfaces” [16]. Af-
ter obtaining the ground state MPS using standard den-
sity matrix renormalization group techniques [17, 18], we
implement the AD graph using the machine learning li-
brary TensorFlow [19].
We first consider the case of Jr = 0, corresponding
to the one-dimensional J1-J2 model. In the limit of
J2 = 0 we recover the Heisenberg model, where the sign
structure of the ground state Ψ(Sz) in the Ising basis
|Sz〉 = |Sz1 , . . . , SzN 〉 follows the Marshall sign rule [2, 15].
The transformation removing this sign structure can be
composed as a set of N/2 rotations of angle pi about the z
axis, corresponding to a depth-one quantum circuit. To
check if this can be recovered by our procedure, we con-
struct the variational quantum circuit Uˆϑ using one layer
of single-qubit rotations around the z axis. We run the
positivization procedure for a chain containing N = 40
spins. After randomly initializing the circuit parameters
(i.e. N = 40 angles) we train the circuit to minimize
the cost function using nS = 103 configurations sampled
from the final MPS distribution |Ψϑ(Sz)|2 [20, 21], and
update the parameters using the Adam optimizer [10].
We show the behaviour of the positivization algorithm
in Fig. 3, where we plot the values of each single rota-
tion angle as a function of the training iteration. For
J2 = 0 (Fig. 3a) we observe that all angles corresponding
to rotations on sub-lattice A (B) converge to the value
ϑ[k] = pi/2 (−pi/2), equivalent to the Marshall sign rule.
We then repeat the optimization for an initial ground
state obtained by setting J2 = 2.0 (Fig. 3b). Here, we
observe that the angles converge to two values separated
by pi, but now the rotations on sites from different sublat-
tices are mixed together. It is easy to see that this circuit
implements the Marshall sign rule in the limit of J1 = 0,
corresponding to two de-coupled Heisenberg chains. In
both cases we measure an average sign of about 0.99.
Although the relationship is not fully understood, the
sign structure of a quantum state is related to its entan-
glement. For example, a typical random positive wave-
function exhibits a constant law for Renyi entanglement
entropies with Renyi index n > 1, while states with Renyi
entropy scaling as a volume law will have a complex sign
structure [22], suggesting a non-local positivization trans-
formation. It therefore stands to reason that circuits of
large depths may be required to remove the sign structure
when the entanglement needs significant modification.
In order to increase the entanglement of the starting
state, we turn to the exotic spin Bose-Metal (SBM) phase
which contains significant entanglement due to the pres-
ence of a Bose surface [16]. We set J2 = 0 and ex-
amine different initial ground state MPSs obtained for
Jr ∈ [0, 1], which spans the phase transition into the SBM
phase. We optimize circuits with different depths, where
a single layer consists of a set of simultaneous commuting
two-qubit gates (Fig. 1). In all simulations, the trunca-
4Figure 3. Dynamics of the parameters ϑ during training for
a ladder of N = 40 spins (Jr = 0) with J2 = 0.0 (a) and
J2 = 2.0 (b). The quantum circuit contains only one-qubit
rotations around the z axis.
tion error in the singular value decompositions performed
to restore the MPS representation of the quantum state
was kept below 10−6.
We first examine a spin ladder with N = 20 sites, and
optimize circuits of increasing depth for initial ground
states obtained at different values of Jr. We plot the
average sign (circles) and imaginary part (triangles) in
Fig. 4a. As expected, a larger depth systematically in-
crease the effectiveness of the positivization, which be-
comes significantly harder as the system is driven into
the SBM phase (Jr ≈ 0.6). The transition in complexity
is highlighted in Fig. 4b, where we show the scalings with
the system size for different values of Jr near the critical
point for a circuit of fixed depth. In the Bethe phase
(small Jr), the sign remains sufficiently high as the sys-
tem size is increased, while the positivization becomes in-
effective for larger N in the SBM phase. Finally, we show
the scaling against the circuit depth for several sizes N in
the two phases of the spin ladder (Fig. 4c-d). The results
confirm that in the SBM phase, in contrast to the Bethe
phase, the depth required to achieve a given average sign
increases with the number of spins N . In all instances,
the optimization succeeds in producing quantum states
with real coefficients to a good approximation.
Conclusions. We have introduced a procedure to sys-
tematically search for a local unitary transformation
that maps a wavefunction with a sign structure into a
Figure 4. Optimization performance for the two-leg triangular
Heisenberg chain with (a) different depths as a function of
Jr, (b) different values of Jr as a function of the number of
spins, and different system sizes as a function of the depth
for Jr = 0.25 (c) and Jr = 0.75 (d). The transition into the
SBM phase occurs at Jr ≈ 0.6.
non-negative form. The transformation is parametrized
as a universal quantum circuit, and the gates are op-
timized through automatic differentiation algorithms,
widely adopted in the machine learning community and
implemented with TensorFlow [19]. We demonstrated
this technique for ground states of a triangular spin lad-
der with Heisenberg interactions. For the limit of the
J1-J2 model, we have shown that the optimization is
capable of removing the sign structure, recovering the
well-known Marshall sign rule. In the presence of ring-
exchange interaction, we observed that the SBM phase
demands circuits where the depths scales with the size of
the ladders.
The ability to discover a local basis where the average
sign of a quantum state becomes substantially higher is
particularly relevant for the alleviation of the sign prob-
lem in quantum Monte Carlo simulations [23–26]. In
this context, our positivization algorithm could be repur-
posed to increase the “stoquasticity” of a target Hamil-
tonian [27]. This would require the optimization of a
suitably modified cost function, where the input is a
matrix product operator representation of the Hamilto-
nian. This opens interesting prospects for path integrals
and projective quantum Monte Carlo simulations, which
5should be explored in future studies.
The non-negativity of a wavefunction in a local ba-
sis also has direct implications for the data-driven re-
construction of quantum states, which is becoming in-
creasingly important for validating noisy-intermediate
scale quantum hardware [28]. In fact, for wavefunctions
with positive amplitudes, experimental data from a sin-
gle measurement basis is sufficient for the quantum re-
construction of the state, with a particularly favorable
scaling with both the system size and the number of mea-
surements [29, 30].
Finally, our procedure provides a universal, automated
method of assessing the complexity associated with the
sign problem of a given wavefunction. Ultimately, by
performing a systematic finite-size scaling analysis of the
resources required to achieve a give average sign, this pro-
cedure could be used to determine the complexity class
associated with removing the sign structure in various
cases, including gapped, critical, or fermionic wavefunc-
tions. In the future, automated numerical methods based
on machine learning technology may be the most promis-
ing route to determining the relative “difficulty” of various
sign structures, and will play a crucial role in formulat-
ing a complete theory relating a wavefunction’s sign to
its entanglement structure and simulation complexity.
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6SUPPLEMENTARY MATERIAL
In this section, we review how to calculate the cost function by exact sampling of a matrix product state (MPS),
discuss the main features of automatic differentiation (AD), and show the derivation of the intermediate gradients to
efficiently construct the computational graph for optimizing the quantum circuit.
A. The cost function
The goal of the optimization of the quantum circuit is to discover the set of quantum gate parameters ϑ generating
a real and positive final state Ψϑ. The conditions on Ψϑ are:
Im
[
Ψϑ(σ)
]
= 0 and Sign
(
Re
[
Ψϑ(σ)
])
= 1 ∀ |σ〉 . (5)
where Ψϑ(σ) = 〈σ| Uˆϑ |Ψ〉, Ψ is the initial state and Uˆϑ is the unitary circuit. When translating these conditions
into measurable quantities, it is natural to consider their expectation values with respect to the final state Ψϑ. As
clearly neither of them admits a decomposition as a matrix product operator, which would allow calculation by tensor
contraction, their expectation values should instead be calculated as averages∑
σ
|Ψϑ(σ)|2
∣∣Im[Ψϑ(σ)]∣∣ = 0 and ∑
σ
|Ψϑ(σ)|2Sign
(
Re
[
Ψϑ(σ)
])
= 1 (6)
over the probability distribution pϑ(σ) = |Ψϑ(σ)|2. Note that we added the absolute value for the imaginary part in
order to avoid a zero average from a distribution centered around zero.
We can define the cost function C(ϑ) of the optimization as an average over the output distribution
C(ϑ) =
∑
σ
|Ψϑ(σ)|2Cϑ(σ) (7)
where Cϑ(σ) combines the two conditions into a convex sum:
Cϑ(σ) = γ
∣∣Im[Ψϑ(σ)]∣∣− (1− γ)Sign(Re[Ψϑ(σ)]) . (8)
with γ ∈ [0, 1] (we set γ = 0.5 in our numerical experiments). Note that the cost function assumes its minimum
value Cϑ(σ) = γ − 1 when the output state is real and its average sign is equal to one. We also point out that the
initial average sign can always be made positive by a global transformation. The exponential sum in Eq. (7) is then
approximated by the average
C(ϑ) ≈ C˜(ϑ) = 1
M
∑
σj
Cϑ(σj) (9)
where the configurations {σj} are drawn from the probability distribution pϑ(σ). As a result of the MPS repre-
sentation of Ψϑ, it is possible to sample the distribution exactly, leading to a collection of perfectly uncorrelated
configurations [20, 21].
1. Perfect sampling of an MPS
The procedure to sample an MPS, schematically pictured in Fig. 5, consists of iteratively calculating single-site
density matrices, conditional on the state of the sites sampled at the previous step. For the four sites example in
Fig. 5, one starts from the full density matrix ρˆϑ = |Ψϑ〉〈Ψϑ| and constructs the reduced density matrix for σ1:
ρˆϑ,1 = Trσ2,σ3,σ4 |Ψϑ〉〈Ψϑ| . (10)
The variable σ1 is then sampled according to the probability distribution pϑ(σ1) = 〈σ1|ρˆϑ,1|σ1〉, and the density
matrix is projected on the subspace corresponding to the measurement outcome:
ρˆϑ −→ ρˆϑ(σ1) = Πˆσ1 ρˆϑ Πˆσ1
Tr(ρˆϑ Πˆσ1)
. (11)
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hσ1|
<latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit>|σ1i
<latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit><latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit><latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit><latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit>
hσ1|
<latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit>
hσ2|
<latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit><latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit><latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit><latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit>
hσ3|
<latexit sha1_base64="PwfpaZrptP4knOxK9834Oe+dMl0=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXYtsexiDn1FIsTHFw/BXbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fiBCTiw==</latexit><latexit sha1_base64="PwfpaZrptP4knOxK9834Oe+dMl0=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXYtsexiDn1FIsTHFw/BXbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fiBCTiw==</latexit><latexit sha1_base64="PwfpaZrptP4knOxK9834Oe+dMl0=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXYtsexiDn1FIsTHFw/BXbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fiBCTiw==</latexit><latexit sha1_base64="PwfpaZrptP4knOxK9834Oe+dMl0=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXYtsexiDn1FIsTHFw/BXbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fiBCTiw==</latexit>
|σ2i
<latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit><latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit><latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit><latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit>
|σ3i
<latexit sha1_base64="dIrM0L8VK8nZF1e4iB/h/kTL8Js=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXY9pOnWJzg4NqTWMScBnbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fkT2TkQ==</latexit><latexit sha1_base64="dIrM0L8VK8nZF1e4iB/h/kTL8Js=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXY9pOnWJzg4NqTWMScBnbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fkT2TkQ==</latexit><latexit sha1_base64="dIrM0L8VK8nZF1e4iB/h/kTL8Js=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXY9pOnWJzg4NqTWMScBnbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fkT2TkQ==</latexit><latexit sha1_base64="dIrM0L8VK8nZF1e4iB/h/kTL8Js=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJCnZZcOOygr1AE8JkOkmHTiZhZlIosW/ixoUibn0Td76N0zYLbf1h4OM/53DO/GHGmdKO821VNja3tnequ7W9/YPDI/v4pKvSXBLaISlPZT/EinImaEczzWk/kxQnIae9cHw3r/cmVCqWikc9zaif4FiwiBGsjRXY9pOnWJzg4NqTWMScBnbdaTgLoXVwS6hDqXZgf3nDlOQJFZpwrNTAdTLtF1hqRjid1bxc0QyTMY7pwKDACVV+sbh8hi6MM0RRKs0TGi3c3xMFTpSaJqHpTLAeqdXa3PyvNsh11PQLJrJcU0GWi6KcI52ieQxoyCQlmk8NYCKZuRWREZaYaBNWzYTgrn55HbpXDdfww0291SzjqMIZnMMluHALLbiHNnSAwASe4RXerMJ6sd6tj2VrxSpnTuGPrM8fkT2TkQ==</latexit>
|σ1i
<latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit><latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit><latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit><latexit sha1_base64="t34BBcreLsUEdFpj2Mhanc3DZUM=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMOQSe9MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuaLQoSlP1WNENHAmoWOY4fCYKSAi4tCLxrfzem8CSrNUPphpBoEgiWQxo8RYK3Tdp4FmiSChP1BEJhxCt+41vIXwOvgl1FGpduh+DYYpzQVIQznRuu97mQkKogyjHGa1Qa4hI3RMEuhblESADorF5TN8YZ0hjlNlnzR44f6eKIjQeioi2ymIGenV2tz8r9bPTdwMCiaz3ICky0VxzrFJ8TwGPGQKqOFTC4QqZm/FdEQUocaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoiiCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDjieTjw==</latexit>
hσ1|
<latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit><latexit sha1_base64="PTyd5cWZ+Hs3+g88XR1qO85OJdg=">AAAB+XicbZDNSgMxFIUz9a/Wv1GXboJFcFVmRLDLghuXFWwrtMNwJ81MQ5PMkGQKZeybuHGhiFvfxJ1vY9rOQlsPBD7OvZd7c6KMM20879upbGxube9Ud2t7+weHR+7xSVenuSK0Q1KeqscINOVM0o5hhtPHTFEQEae9aHw7r/cmVGmWygczzWggIJEsZgSMtULXHXCQCacDzRIBof8UunWv4S2E18EvoY5KtUP3azBMSS6oNISD1n3fy0xQgDKMcDqrDXJNMyBjSGjfogRBdVAsLp/hC+sMcZwq+6TBC/f3RAFC66mIbKcAM9Krtbn5X62fm7gZFExmuaGSLBfFOccmxfMY8JApSgyfWgCimL0VkxEoIMaGVbMh+KtfXofuVcO3fH9dbzXLOKroDJ2jS+SjG9RCd6iNOoigCXpGr+jNKZwX5935WLZWnHLmFP2R8/kDhQaTiQ==</latexit>
hσ2|
<latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit><latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit><latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit><latexit sha1_base64="4UVwqYLkivvse2QEonhSY/y6FqM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCWEyPUmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+luSTQJSlL5SDCChgV0NVUMxhkEjCPGPSjyd2i3p+CVDQVj3qWQcBxImhMCdbGCm3bZ1gkDHxFE47D5lNo192Gu5SzCV4JdVSqE9pf/iglOQehCcNKDT0300GBpaaEwbzm5woyTCY4gaFBgTmooFhePneujDNy4lSaJ7SzdH9PFJgrNeOR6eRYj9V6bWH+VxvmOm4FBRVZrkGQ1aI4Z45OnUUMzohKIJrNDGAiqbnVIWMsMdEmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKCpugZvaI3q7BerHfrY9VascqZc/RH1ucPhouTig==</latexit>
|σ2i
<latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit><latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit><latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit><latexit sha1_base64="KFmsyoaxyaW8ciqZRwWqZHDeHgo=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkpSBLssuHFZwV6gCeFkOkmHzkzCzKRQYt/EjQtF3Pom7nwbp20W2vrDwMd/zuGc+aOMUaVd99uqbG3v7O5V92sHh0fHJ/bpWU+lucSki1OWykEEijAqSFdTzcggkwR4xEg/mtwt6v0pkYqm4lHPMhJwSASNKQZtrNC2n3xFEw5h05cgEkZCu+423KWcTfBKqKNSndD+8kcpzjkRGjNQaui5mQ4KkJpiRuY1P1ckAzyBhAwNCuBEBcXy8rlzZZyRE6fSPKGdpft7ogCu1IxHppODHqv12sL8rzbMddwKCiqyXBOBV4vinDk6dRYxOCMqCdZsZgCwpOZWB49BAtYmrJoJwVv/8ib0mg3P8MNNvd0q46iiC3SJrpGHblEb3aMO6iKMpugZvaI3q7BerHfrY9VascqZc/RH1ucPj7KTkA==</latexit>
ρˆ = |ΨihΨ|
<latexit sha1_base64="TnuoGt9W85gYdmxoZIWgZLar2ds=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MZlBfuAzlAyaaYNzSRDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IOZxzLsk9YcKZNq777RRWVtfWN4qbpa3tnd298v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSsc3kz91gNVmklxb0YJDWLcFyxiBBsrdcsVf4BN5quBnFyN/bpmvsKiz6nP55dVxjblVt0Z0DLxclKBHPVu+cvvSZLGVBjCsdYdz01MkGFlGOF0UvJTTRNMhrhPO5YKHFMdZLNlJujEKj0USWWPMGim/p7IcKz1KA5tMsZmoBe9qfif10lNdBlkTCSpoYLMH4pSjoxE02ZQjylKDB9Zgoli9q+IDLDCxNj+SrYEb3HlZdI8q3qW351Xatd5HUU4gmM4BQ8uoAa3UIcGEHiEZ3iFN+fJeXHenY95tODkM4fwB87nD+3LnCg=</latexit><latexit sha1_base64="TnuoGt9W85gYdmxoZIWgZLar2ds=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MZlBfuAzlAyaaYNzSRDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IOZxzLsk9YcKZNq777RRWVtfWN4qbpa3tnd298v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSsc3kz91gNVmklxb0YJDWLcFyxiBBsrdcsVf4BN5quBnFyN/bpmvsKiz6nP55dVxjblVt0Z0DLxclKBHPVu+cvvSZLGVBjCsdYdz01MkGFlGOF0UvJTTRNMhrhPO5YKHFMdZLNlJujEKj0USWWPMGim/p7IcKz1KA5tMsZmoBe9qfif10lNdBlkTCSpoYLMH4pSjoxE02ZQjylKDB9Zgoli9q+IDLDCxNj+SrYEb3HlZdI8q3qW351Xatd5HUU4gmM4BQ8uoAa3UIcGEHiEZ3iFN+fJeXHenY95tODkM4fwB87nD+3LnCg=</latexit><latexit sha1_base64="TnuoGt9W85gYdmxoZIWgZLar2ds=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MZlBfuAzlAyaaYNzSRDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IOZxzLsk9YcKZNq777RRWVtfWN4qbpa3tnd298v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSsc3kz91gNVmklxb0YJDWLcFyxiBBsrdcsVf4BN5quBnFyN/bpmvsKiz6nP55dVxjblVt0Z0DLxclKBHPVu+cvvSZLGVBjCsdYdz01MkGFlGOF0UvJTTRNMhrhPO5YKHFMdZLNlJujEKj0USWWPMGim/p7IcKz1KA5tMsZmoBe9qfif10lNdBlkTCSpoYLMH4pSjoxE02ZQjylKDB9Zgoli9q+IDLDCxNj+SrYEb3HlZdI8q3qW351Xatd5HUU4gmM4BQ8uoAa3UIcGEHiEZ3iFN+fJeXHenY95tODkM4fwB87nD+3LnCg=</latexit><latexit sha1_base64="TnuoGt9W85gYdmxoZIWgZLar2ds=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoBuh6MZlBfuAzlAyaaYNzSRDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IOZxzLsk9YcKZNq777RRWVtfWN4qbpa3tnd298v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSsc3kz91gNVmklxb0YJDWLcFyxiBBsrdcsVf4BN5quBnFyN/bpmvsKiz6nP55dVxjblVt0Z0DLxclKBHPVu+cvvSZLGVBjCsdYdz01MkGFlGOF0UvJTTRNMhrhPO5YKHFMdZLNlJujEKj0USWWPMGim/p7IcKz1KA5tMsZmoBe9qfif10lNdBlkTCSpoYLMH4pSjoxE02ZQjylKDB9Zgoli9q+IDLDCxNj+SrYEb3HlZdI8q3qW351Xatd5HUU4gmM4BQ8uoAa3UIcGEHiEZ3iFN+fJeXHenY95tODkM4fwB87nD+3LnCg=</latexit>
ρˆ1
<latexit sha1_base64="/fr/tkRA+mX7pKgFUgS95ISZw4w=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtMs3WTD7kQooX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVa8Y7TEmleyE1XIqUd1Cg5L1Mc5qEkj+G49tZ/fGJayNU+oCTjAcJHaUiEoyitXw/plj4OlbTgTeoN9ymOxdZBa+EBpRqD+pf/lCxPOEpMkmN6XtuhkFBNQom+bTm54ZnlI3piPctpjThJijmN0/JmXWGJFLavhTJ3P09UdDEmEkS2s6EYmyWazPzv1o/x+g6KESa5chTtlgU5ZKgIrMAyFBozlBOLFCmhb2VsJhqytDGVLMheMtfXoXuRdOzfH/ZaN2UcVThBE7hHDy4ghbcQRs6wCCDZ3iFNyd3Xpx352PRWnHKmWP4I+fzBx5Gkbg=</latexit><latexit sha1_base64="/fr/tkRA+mX7pKgFUgS95ISZw4w=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtMs3WTD7kQooX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVa8Y7TEmleyE1XIqUd1Cg5L1Mc5qEkj+G49tZ/fGJayNU+oCTjAcJHaUiEoyitXw/plj4OlbTgTeoN9ymOxdZBa+EBpRqD+pf/lCxPOEpMkmN6XtuhkFBNQom+bTm54ZnlI3piPctpjThJijmN0/JmXWGJFLavhTJ3P09UdDEmEkS2s6EYmyWazPzv1o/x+g6KESa5chTtlgU5ZKgIrMAyFBozlBOLFCmhb2VsJhqytDGVLMheMtfXoXuRdOzfH/ZaN2UcVThBE7hHDy4ghbcQRs6wCCDZ3iFNyd3Xpx352PRWnHKmWP4I+fzBx5Gkbg=</latexit><latexit sha1_base64="/fr/tkRA+mX7pKgFUgS95ISZw4w=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtMs3WTD7kQooX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVa8Y7TEmleyE1XIqUd1Cg5L1Mc5qEkj+G49tZ/fGJayNU+oCTjAcJHaUiEoyitXw/plj4OlbTgTeoN9ymOxdZBa+EBpRqD+pf/lCxPOEpMkmN6XtuhkFBNQom+bTm54ZnlI3piPctpjThJijmN0/JmXWGJFLavhTJ3P09UdDEmEkS2s6EYmyWazPzv1o/x+g6KESa5chTtlgU5ZKgIrMAyFBozlBOLFCmhb2VsJhqytDGVLMheMtfXoXuRdOzfH/ZaN2UcVThBE7hHDy4ghbcQRs6wCCDZ3iFNyd3Xpx352PRWnHKmWP4I+fzBx5Gkbg=</latexit><latexit sha1_base64="/fr/tkRA+mX7pKgFUgS95ISZw4w=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtMs3WTD7kQooX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVa8Y7TEmleyE1XIqUd1Cg5L1Mc5qEkj+G49tZ/fGJayNU+oCTjAcJHaUiEoyitXw/plj4OlbTgTeoN9ymOxdZBa+EBpRqD+pf/lCxPOEpMkmN6XtuhkFBNQom+bTm54ZnlI3piPctpjThJijmN0/JmXWGJFLavhTJ3P09UdDEmEkS2s6EYmyWazPzv1o/x+g6KESa5chTtlgU5ZKgIrMAyFBozlBOLFCmhb2VsJhqytDGVLMheMtfXoXuRdOzfH/ZaN2UcVThBE7hHDy4ghbcQRs6wCCDZ3iFNyd3Xpx352PRWnHKmWP4I+fzBx5Gkbg=</latexit>
ρˆ2(σ1)
<latexit sha1_base64="2hujy39XiStyph7oL3pC7sNLl5M=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaLUDclKYIui25cVrAXaEKYTCft0LmEmYlQYhe+ihsXirj1Ndz5Nk7bLLT1h4GP/5zDOfPHKaPaeN63s7K6tr6xWdoqb+/s7u27B4dtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mdY7D0RpKsW9Gack5GggaEIxMtaK3ONgiEweqKGcRPVqoOmAo8g/j9yKV/NmgsvgF1ABhZqR+xX0Jc44EQYzpHXP91IT5kgZihmZlINMkxThERqQnkWBONFhPrt/As+s04eJVPYJA2fu74kcca3HPLadHJmhXqxNzf9qvcwkV2FORZoZIvB8UZIxaCSchgH7VBFs2NgCworaWyEeIoWwsZGVbQj+4peXoV2v+ZbvLiqN6yKOEjgBp6AKfHAJGuAWNEELYPAInsEreHOenBfn3fmYt644xcwR+CPn8wdMiZWc</latexit><latexit sha1_base64="2hujy39XiStyph7oL3pC7sNLl5M=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaLUDclKYIui25cVrAXaEKYTCft0LmEmYlQYhe+ihsXirj1Ndz5Nk7bLLT1h4GP/5zDOfPHKaPaeN63s7K6tr6xWdoqb+/s7u27B4dtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mdY7D0RpKsW9Gack5GggaEIxMtaK3ONgiEweqKGcRPVqoOmAo8g/j9yKV/NmgsvgF1ABhZqR+xX0Jc44EQYzpHXP91IT5kgZihmZlINMkxThERqQnkWBONFhPrt/As+s04eJVPYJA2fu74kcca3HPLadHJmhXqxNzf9qvcwkV2FORZoZIvB8UZIxaCSchgH7VBFs2NgCworaWyEeIoWwsZGVbQj+4peXoV2v+ZbvLiqN6yKOEjgBp6AKfHAJGuAWNEELYPAInsEreHOenBfn3fmYt644xcwR+CPn8wdMiZWc</latexit><latexit sha1_base64="2hujy39XiStyph7oL3pC7sNLl5M=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaLUDclKYIui25cVrAXaEKYTCft0LmEmYlQYhe+ihsXirj1Ndz5Nk7bLLT1h4GP/5zDOfPHKaPaeN63s7K6tr6xWdoqb+/s7u27B4dtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mdY7D0RpKsW9Gack5GggaEIxMtaK3ONgiEweqKGcRPVqoOmAo8g/j9yKV/NmgsvgF1ABhZqR+xX0Jc44EQYzpHXP91IT5kgZihmZlINMkxThERqQnkWBONFhPrt/As+s04eJVPYJA2fu74kcca3HPLadHJmhXqxNzf9qvcwkV2FORZoZIvB8UZIxaCSchgH7VBFs2NgCworaWyEeIoWwsZGVbQj+4peXoV2v+ZbvLiqN6yKOEjgBp6AKfHAJGuAWNEELYPAInsEreHOenBfn3fmYt644xcwR+CPn8wdMiZWc</latexit><latexit sha1_base64="2hujy39XiStyph7oL3pC7sNLl5M=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaLUDclKYIui25cVrAXaEKYTCft0LmEmYlQYhe+ihsXirj1Ndz5Nk7bLLT1h4GP/5zDOfPHKaPaeN63s7K6tr6xWdoqb+/s7u27B4dtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mdY7D0RpKsW9Gack5GggaEIxMtaK3ONgiEweqKGcRPVqoOmAo8g/j9yKV/NmgsvgF1ABhZqR+xX0Jc44EQYzpHXP91IT5kgZihmZlINMkxThERqQnkWBONFhPrt/As+s04eJVPYJA2fu74kcca3HPLadHJmhXqxNzf9qvcwkV2FORZoZIvB8UZIxaCSchgH7VBFs2NgCworaWyEeIoWwsZGVbQj+4peXoV2v+ZbvLiqN6yKOEjgBp6AKfHAJGuAWNEELYPAInsEreHOenBfn3fmYt644xcwR+CPn8wdMiZWc</latexit>
ρˆ3(σ1,σ2)
<latexit sha1_base64="Hyq8io8CCtq3Kv7mdCFwdrk7H7o=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSVEGXRTcuK9gLNCFMppNm6FzCzEQooUs3voobF4q49RHc+TZO2yy0+sPAx3/O4cz5o5QSpV33yyotLa+srpXXKxubW9s79u5eR4lMItxGggrZi6DClHDc1kRT3EslhiyiuBuNrqf17j2Wigh+p8cpDhgcchITBLWxQvvQT6DOfZmISXhW8xUZMhh6pwU0TkK76tbdmZy/4BVQBYVaof3pDwTKGOYaUahU33NTHeRQaoIonlT8TOEUohEc4r5BDhlWQT47ZOIcG2fgxEKax7Uzc39O5JApNWaR6WRQJ2qxNjX/q/UzHV8GOeFppjFH80VxRh0tnGkqzoBIjDQdG4BIEvNXByVQQqRNdhUTgrd48l/oNOqe4dvzavOqiKMMDsARqAEPXIAmuAEt0AYIPIAn8AJerUfr2Xqz3uetJauY2Qe/ZH18A8AcmSE=</latexit><latexit sha1_base64="Hyq8io8CCtq3Kv7mdCFwdrk7H7o=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSVEGXRTcuK9gLNCFMppNm6FzCzEQooUs3voobF4q49RHc+TZO2yy0+sPAx3/O4cz5o5QSpV33yyotLa+srpXXKxubW9s79u5eR4lMItxGggrZi6DClHDc1kRT3EslhiyiuBuNrqf17j2Wigh+p8cpDhgcchITBLWxQvvQT6DOfZmISXhW8xUZMhh6pwU0TkK76tbdmZy/4BVQBYVaof3pDwTKGOYaUahU33NTHeRQaoIonlT8TOEUohEc4r5BDhlWQT47ZOIcG2fgxEKax7Uzc39O5JApNWaR6WRQJ2qxNjX/q/UzHV8GOeFppjFH80VxRh0tnGkqzoBIjDQdG4BIEvNXByVQQqRNdhUTgrd48l/oNOqe4dvzavOqiKMMDsARqAEPXIAmuAEt0AYIPIAn8AJerUfr2Xqz3uetJauY2Qe/ZH18A8AcmSE=</latexit><latexit sha1_base64="Hyq8io8CCtq3Kv7mdCFwdrk7H7o=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSVEGXRTcuK9gLNCFMppNm6FzCzEQooUs3voobF4q49RHc+TZO2yy0+sPAx3/O4cz5o5QSpV33yyotLa+srpXXKxubW9s79u5eR4lMItxGggrZi6DClHDc1kRT3EslhiyiuBuNrqf17j2Wigh+p8cpDhgcchITBLWxQvvQT6DOfZmISXhW8xUZMhh6pwU0TkK76tbdmZy/4BVQBYVaof3pDwTKGOYaUahU33NTHeRQaoIonlT8TOEUohEc4r5BDhlWQT47ZOIcG2fgxEKax7Uzc39O5JApNWaR6WRQJ2qxNjX/q/UzHV8GOeFppjFH80VxRh0tnGkqzoBIjDQdG4BIEvNXByVQQqRNdhUTgrd48l/oNOqe4dvzavOqiKMMDsARqAEPXIAmuAEt0AYIPIAn8AJerUfr2Xqz3uetJauY2Qe/ZH18A8AcmSE=</latexit><latexit sha1_base64="Hyq8io8CCtq3Kv7mdCFwdrk7H7o=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSVEGXRTcuK9gLNCFMppNm6FzCzEQooUs3voobF4q49RHc+TZO2yy0+sPAx3/O4cz5o5QSpV33yyotLa+srpXXKxubW9s79u5eR4lMItxGggrZi6DClHDc1kRT3EslhiyiuBuNrqf17j2Wigh+p8cpDhgcchITBLWxQvvQT6DOfZmISXhW8xUZMhh6pwU0TkK76tbdmZy/4BVQBYVaof3pDwTKGOYaUahU33NTHeRQaoIonlT8TOEUohEc4r5BDhlWQT47ZOIcG2fgxEKax7Uzc39O5JApNWaR6WRQJ2qxNjX/q/UzHV8GOeFppjFH80VxRh0tnGkqzoBIjDQdG4BIEvNXByVQQqRNdhUTgrd48l/oNOqe4dvzavOqiKMMDsARqAEPXIAmuAEt0AYIPIAn8AJerUfr2Xqz3uetJauY2Qe/ZH18A8AcmSE=</latexit>
ρˆ4(σ1,σ2,σ3)
<latexit sha1_base64="3OnLby9GSpY5S1+Sqh28Xm2pFI4=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARKkiZqQVdFt24rGAv0BmGTJppQ5PMkGSEMvQV3Pgqblwo4tadO9/GtB1BW38IfPznHE7OHyaMKu04X1ZhZXVtfaO4Wdra3tnds/cP2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo+tpvXNPpKKxuNPjhPgcDQSNKEbaWIFd8YZIZ54cxpOgXvEUHXAUuGc51H7g/DSwy07VmQkug5tDGeRqBvan149xyonQmCGleq6TaD9DUlPMyKTkpYokCI/QgPQMCsSJ8rPZRRN4Ypw+jGJpntBw5v6eyBBXasxD08mRHqrF2tT8r9ZLdXTpZ1QkqSYCzxdFKYM6htN4YJ9KgjUbG0BYUvNXiIdIIqxNiCUTgrt48jK0a1XX8G293LjK4yiCI3AMKsAFF6ABbkATtAAGD+AJvIBX69F6tt6s93lrwcpnDsEfWR/fUnGcpw==</latexit><latexit sha1_base64="3OnLby9GSpY5S1+Sqh28Xm2pFI4=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARKkiZqQVdFt24rGAv0BmGTJppQ5PMkGSEMvQV3Pgqblwo4tadO9/GtB1BW38IfPznHE7OHyaMKu04X1ZhZXVtfaO4Wdra3tnds/cP2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo+tpvXNPpKKxuNPjhPgcDQSNKEbaWIFd8YZIZ54cxpOgXvEUHXAUuGc51H7g/DSwy07VmQkug5tDGeRqBvan149xyonQmCGleq6TaD9DUlPMyKTkpYokCI/QgPQMCsSJ8rPZRRN4Ypw+jGJpntBw5v6eyBBXasxD08mRHqrF2tT8r9ZLdXTpZ1QkqSYCzxdFKYM6htN4YJ9KgjUbG0BYUvNXiIdIIqxNiCUTgrt48jK0a1XX8G293LjK4yiCI3AMKsAFF6ABbkATtAAGD+AJvIBX69F6tt6s93lrwcpnDsEfWR/fUnGcpw==</latexit><latexit sha1_base64="3OnLby9GSpY5S1+Sqh28Xm2pFI4=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARKkiZqQVdFt24rGAv0BmGTJppQ5PMkGSEMvQV3Pgqblwo4tadO9/GtB1BW38IfPznHE7OHyaMKu04X1ZhZXVtfaO4Wdra3tnds/cP2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo+tpvXNPpKKxuNPjhPgcDQSNKEbaWIFd8YZIZ54cxpOgXvEUHXAUuGc51H7g/DSwy07VmQkug5tDGeRqBvan149xyonQmCGleq6TaD9DUlPMyKTkpYokCI/QgPQMCsSJ8rPZRRN4Ypw+jGJpntBw5v6eyBBXasxD08mRHqrF2tT8r9ZLdXTpZ1QkqSYCzxdFKYM6htN4YJ9KgjUbG0BYUvNXiIdIIqxNiCUTgrt48jK0a1XX8G293LjK4yiCI3AMKsAFF6ABbkATtAAGD+AJvIBX69F6tt6s93lrwcpnDsEfWR/fUnGcpw==</latexit><latexit sha1_base64="3OnLby9GSpY5S1+Sqh28Xm2pFI4=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARKkiZqQVdFt24rGAv0BmGTJppQ5PMkGSEMvQV3Pgqblwo4tadO9/GtB1BW38IfPznHE7OHyaMKu04X1ZhZXVtfaO4Wdra3tnds/cP2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo+tpvXNPpKKxuNPjhPgcDQSNKEbaWIFd8YZIZ54cxpOgXvEUHXAUuGc51H7g/DSwy07VmQkug5tDGeRqBvan149xyonQmCGleq6TaD9DUlPMyKTkpYokCI/QgPQMCsSJ8rPZRRN4Ypw+jGJpntBw5v6eyBBXasxD08mRHqrF2tT8r9ZLdXTpZ1QkqSYCzxdFKYM6htN4YJ9KgjUbG0BYUvNXiIdIIqxNiCUTgrt48jK0a1XX8G293LjK4yiCI3AMKsAFF6ABbkATtAAGD+AJvIBX69F6tt6s93lrwcpnDsEfWR/fUnGcpw==</latexit>
|σi = |σ1,σ2,σ3,σ4i
<latexit sha1_base64="EWIQ+0I0az7KUxNoUHTn7lyhl+Q=">AAACK3icbZBNS8MwGMfT+TbnW9Wjl+IQPIzRzoFexKEXjxPcC6ylpFnWhSVpSVJhdPs4Hv0kHnUHxavfw2zrQDf/EPjl/zwPyfMPYkqksu0PI7e2vrG5ld8u7Ozu7R+Yh0dNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB3bTeesJCkog/qmGMPQZDTnoEQaUt37wZuQFLXUlCBseugDyk+Ho0v/tOKYPKAi4WUM16fbNol+2ZrFVwMiiCTHXfnLjdCCUMc4UolLLj2LHyUigUQRSPC24icQzRAIa4o5FDhqWXzhYdW2fa6Vq9SOjDlTVzf0+kkEk5ZEEpYLqZQdWXy+Wp+V+tk6jelZcSHicKczR/q5dQS0XWNDirSwRGig41QCSI/q6F+lBApHS8BZ2Ds7z1KjQrZUfzQ7VYu80SyYMTcArOgQMuQQ3cgzpoAASewSt4BxPjxXgzPo2veWvOyGaOwR8Z3z8XB6gb</latexit><latexit sha1_base64="EWIQ+0I0az7KUxNoUHTn7lyhl+Q=">AAACK3icbZBNS8MwGMfT+TbnW9Wjl+IQPIzRzoFexKEXjxPcC6ylpFnWhSVpSVJhdPs4Hv0kHnUHxavfw2zrQDf/EPjl/zwPyfMPYkqksu0PI7e2vrG5ld8u7Ozu7R+Yh0dNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB3bTeesJCkog/qmGMPQZDTnoEQaUt37wZuQFLXUlCBseugDyk+Ho0v/tOKYPKAi4WUM16fbNol+2ZrFVwMiiCTHXfnLjdCCUMc4UolLLj2LHyUigUQRSPC24icQzRAIa4o5FDhqWXzhYdW2fa6Vq9SOjDlTVzf0+kkEk5ZEEpYLqZQdWXy+Wp+V+tk6jelZcSHicKczR/q5dQS0XWNDirSwRGig41QCSI/q6F+lBApHS8BZ2Ds7z1KjQrZUfzQ7VYu80SyYMTcArOgQMuQQ3cgzpoAASewSt4BxPjxXgzPo2veWvOyGaOwR8Z3z8XB6gb</latexit><latexit sha1_base64="EWIQ+0I0az7KUxNoUHTn7lyhl+Q=">AAACK3icbZBNS8MwGMfT+TbnW9Wjl+IQPIzRzoFexKEXjxPcC6ylpFnWhSVpSVJhdPs4Hv0kHnUHxavfw2zrQDf/EPjl/zwPyfMPYkqksu0PI7e2vrG5ld8u7Ozu7R+Yh0dNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB3bTeesJCkog/qmGMPQZDTnoEQaUt37wZuQFLXUlCBseugDyk+Ho0v/tOKYPKAi4WUM16fbNol+2ZrFVwMiiCTHXfnLjdCCUMc4UolLLj2LHyUigUQRSPC24icQzRAIa4o5FDhqWXzhYdW2fa6Vq9SOjDlTVzf0+kkEk5ZEEpYLqZQdWXy+Wp+V+tk6jelZcSHicKczR/q5dQS0XWNDirSwRGig41QCSI/q6F+lBApHS8BZ2Ds7z1KjQrZUfzQ7VYu80SyYMTcArOgQMuQQ3cgzpoAASewSt4BxPjxXgzPo2veWvOyGaOwR8Z3z8XB6gb</latexit><latexit sha1_base64="EWIQ+0I0az7KUxNoUHTn7lyhl+Q=">AAACK3icbZBNS8MwGMfT+TbnW9Wjl+IQPIzRzoFexKEXjxPcC6ylpFnWhSVpSVJhdPs4Hv0kHnUHxavfw2zrQDf/EPjl/zwPyfMPYkqksu0PI7e2vrG5ld8u7Ozu7R+Yh0dNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB3bTeesJCkog/qmGMPQZDTnoEQaUt37wZuQFLXUlCBseugDyk+Ho0v/tOKYPKAi4WUM16fbNol+2ZrFVwMiiCTHXfnLjdCCUMc4UolLLj2LHyUigUQRSPC24icQzRAIa4o5FDhqWXzhYdW2fa6Vq9SOjDlTVzf0+kkEk5ZEEpYLqZQdWXy+Wp+V+tk6jelZcSHicKczR/q5dQS0XWNDirSwRGig41QCSI/q6F+lBApHS8BZ2Ds7z1KjQrZUfzQ7VYu80SyYMTcArOgQMuQQ3cgzpoAASewSt4BxPjxXgzPo2veWvOyGaOwR8Z3z8XB6gb</latexit>
A4<latexit sha1_base64="VDaZ2wc7JPt5NyDNnZiSSTQNuWs=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdCWhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQvKgEju+r5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gChdI5z</latexit><latexit sha1_base64="VDaZ2wc7JPt5NyDNnZiSSTQNuWs=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdCWhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQvKgEju+r5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gChdI5z</latexit><latexit sha1_base64="VDaZ2wc7JPt5NyDNnZiSSTQNuWs=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdCWhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQvKgEju+r5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gChdI5z</latexit><latexit sha1_base64="VDaZ2wc7JPt5NyDNnZiSSTQNuWs=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdCWhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQvKgEju+r5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gChdI5z</latexit>A3<latexit sha1_base64="vw3pvCxQrqwqlmr+uOKNkK53WJQ=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdFbSwiNhYRjQXSJYwO5lNhsxlmZkVwpJHsFQbsfWJLHwbJ8kWmvjDwMd/zmHO+aOEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd1JtPVBum5KMdJTQUuC9ZzAi2znq46Z53S2W/4k+FFiHIoQy5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tO5RYUBNm01XH6Ng5PRQr7Z60aOr+nsiwMGYkotNIuGaB7cDMlyfmf7V2auOrMGMySS2VZPZXnHJkFZqcjnpMU2L5yAEmmrl1ERlgjYl1ARVdDsH81YvQOKsEju8vytXrPJECHMIRnEAAl1CFO6hBHQj04Rle4c1T3ov37n3MWpe8fOYA/sj7/AGf7Y5y</latexit><latexit sha1_base64="vw3pvCxQrqwqlmr+uOKNkK53WJQ=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdFbSwiNhYRjQXSJYwO5lNhsxlmZkVwpJHsFQbsfWJLHwbJ8kWmvjDwMd/zmHO+aOEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd1JtPVBum5KMdJTQUuC9ZzAi2znq46Z53S2W/4k+FFiHIoQy5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tO5RYUBNm01XH6Ng5PRQr7Z60aOr+nsiwMGYkotNIuGaB7cDMlyfmf7V2auOrMGMySS2VZPZXnHJkFZqcjnpMU2L5yAEmmrl1ERlgjYl1ARVdDsH81YvQOKsEju8vytXrPJECHMIRnEAAl1CFO6hBHQj04Rle4c1T3ov37n3MWpe8fOYA/sj7/AGf7Y5y</latexit><latexit sha1_base64="vw3pvCxQrqwqlmr+uOKNkK53WJQ=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdFbSwiNhYRjQXSJYwO5lNhsxlmZkVwpJHsFQbsfWJLHwbJ8kWmvjDwMd/zmHO+aOEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd1JtPVBum5KMdJTQUuC9ZzAi2znq46Z53S2W/4k+FFiHIoQy5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tO5RYUBNm01XH6Ng5PRQr7Z60aOr+nsiwMGYkotNIuGaB7cDMlyfmf7V2auOrMGMySS2VZPZXnHJkFZqcjnpMU2L5yAEmmrl1ERlgjYl1ARVdDsH81YvQOKsEju8vytXrPJECHMIRnEAAl1CFO6hBHQj04Rle4c1T3ov37n3MWpe8fOYA/sj7/AGf7Y5y</latexit><latexit sha1_base64="vw3pvCxQrqwqlmr+uOKNkK53WJQ=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYRdFbSwiNhYRjQXSJYwO5lNhsxlmZkVwpJHsFQbsfWJLHwbJ8kWmvjDwMd/zmHO+aOEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd1JtPVBum5KMdJTQUuC9ZzAi2znq46Z53S2W/4k+FFiHIoQy5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tO5RYUBNm01XH6Ng5PRQr7Z60aOr+nsiwMGYkotNIuGaB7cDMlyfmf7V2auOrMGMySS2VZPZXnHJkFZqcjnpMU2L5yAEmmrl1ERlgjYl1ARVdDsH81YvQOKsEju8vytXrPJECHMIRnEAAl1CFO6hBHQj04Rle4c1T3ov37n3MWpe8fOYA/sj7/AGf7Y5y</latexit>A2<latexit sha1_base64="acmOn/SwtdKgjGN+f3+42eradv0=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYTdIGhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQrFYCx/cX5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gCeZo5x</latexit><latexit sha1_base64="acmOn/SwtdKgjGN+f3+42eradv0=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYTdIGhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQrFYCx/cX5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gCeZo5x</latexit><latexit sha1_base64="acmOn/SwtdKgjGN+f3+42eradv0=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYTdIGhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQrFYCx/cX5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gCeZo5x</latexit><latexit sha1_base64="acmOn/SwtdKgjGN+f3+42eradv0=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQyChYTdIGhhEbGxjGgukCxhdjKbDJnLMjMrhCWPYKk2YusTWfg2TpItNPGHgY//nMOc80cJZ8b6/re3srq2vrFZ2Cpu7+zu7ZcODptGpZrQBlFc6XaEDeVM0oZlltN2oikWEaetaHQ7rbeeqDZMyUc7Tmgo8ECymBFsnfVw06v2SmW/4s+EliHIoQy56r3SV7evSCqotIRjYzqBn9gww9oywumk2E0NTTAZ4QHtOJRYUBNms1Un6NQ5fRQr7Z60aOb+nsiwMGYsovNIuGaB7dAslqfmf7VOauOrMGMySS2VZP5XnHJkFZqejvpMU2L52AEmmrl1ERlijYl1ARVdDsHi1cvQrFYCx/cX5dp1nkgBjuEEziCAS6jBHdShAQQG8Ayv8OYp78V79z7mrStePnMEf+R9/gCeZo5x</latexit>
A∗2
<latexit sha1_base64="aYfnyuzS1VuO8aTWbJbgLqlxOPo=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARRKTMFEEXLipuXFZw2kI7lkyaaUOTzJhkhDL0GVyqG3HrA7nwbUzbWWjrgcDHufeSe0+YcKaN6347S8srq2vrhY3i5tb2zm5pb7+h41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GQ5vJvXmE1WaxfLejBIaCNyXLGIEG2v51w+n3Wq3VHYr7lRoEbwcypCr3i19dXoxSQWVhnCsddtzExNkWBlGOB0XO6mmCSZD3KdtixILqoNsuuwYHVunh6JY2ScNmrq/JzIstB6J8CwUtllgM9Dz5Yn5X62dmugyyJhMUkMlmf0VpRyZGE2ORz2mKDF8ZAETxey6iAywwsTYiIo2B2/+6kVoVCue5bvzcu0qT6QAh3AEJ+DBBdTgFurgAwEGz/AKb86j8+K8Ox+z1iUnnzmAP3I+fwC59Y8N</latexit><latexit sha1_base64="aYfnyuzS1VuO8aTWbJbgLqlxOPo=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARRKTMFEEXLipuXFZw2kI7lkyaaUOTzJhkhDL0GVyqG3HrA7nwbUzbWWjrgcDHufeSe0+YcKaN6347S8srq2vrhY3i5tb2zm5pb7+h41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GQ5vJvXmE1WaxfLejBIaCNyXLGIEG2v51w+n3Wq3VHYr7lRoEbwcypCr3i19dXoxSQWVhnCsddtzExNkWBlGOB0XO6mmCSZD3KdtixILqoNsuuwYHVunh6JY2ScNmrq/JzIstB6J8CwUtllgM9Dz5Yn5X62dmugyyJhMUkMlmf0VpRyZGE2ORz2mKDF8ZAETxey6iAywwsTYiIo2B2/+6kVoVCue5bvzcu0qT6QAh3AEJ+DBBdTgFurgAwEGz/AKb86j8+K8Ox+z1iUnnzmAP3I+fwC59Y8N</latexit><latexit sha1_base64="aYfnyuzS1VuO8aTWbJbgLqlxOPo=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARRKTMFEEXLipuXFZw2kI7lkyaaUOTzJhkhDL0GVyqG3HrA7nwbUzbWWjrgcDHufeSe0+YcKaN6347S8srq2vrhY3i5tb2zm5pb7+h41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GQ5vJvXmE1WaxfLejBIaCNyXLGIEG2v51w+n3Wq3VHYr7lRoEbwcypCr3i19dXoxSQWVhnCsddtzExNkWBlGOB0XO6mmCSZD3KdtixILqoNsuuwYHVunh6JY2ScNmrq/JzIstB6J8CwUtllgM9Dz5Yn5X62dmugyyJhMUkMlmf0VpRyZGE2ORz2mKDF8ZAETxey6iAywwsTYiIo2B2/+6kVoVCue5bvzcu0qT6QAh3AEJ+DBBdTgFurgAwEGz/AKb86j8+K8Ox+z1iUnnzmAP3I+fwC59Y8N</latexit><latexit sha1_base64="aYfnyuzS1VuO8aTWbJbgLqlxOPo=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARRKTMFEEXLipuXFZw2kI7lkyaaUOTzJhkhDL0GVyqG3HrA7nwbUzbWWjrgcDHufeSe0+YcKaN6347S8srq2vrhY3i5tb2zm5pb7+h41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GQ5vJvXmE1WaxfLejBIaCNyXLGIEG2v51w+n3Wq3VHYr7lRoEbwcypCr3i19dXoxSQWVhnCsddtzExNkWBlGOB0XO6mmCSZD3KdtixILqoNsuuwYHVunh6JY2ScNmrq/JzIstB6J8CwUtllgM9Dz5Yn5X62dmugyyJhMUkMlmf0VpRyZGE2ORz2mKDF8ZAETxey6iAywwsTYiIo2B2/+6kVoVCue5bvzcu0qT6QAh3AEJ+DBBdTgFurgAwEGz/AKb86j8+K8Ox+z1iUnnzmAP3I+fwC59Y8N</latexit>
A∗3
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Figure 5. Perfect sampling of an MPS with four sites.
Next, the single-site density matrix for the state σ2, conditional on the state σ1, is constructed as
ρˆϑ,2(σ1) =
1
pϑ(σ1)
Trσ3,σ4〈σ1|Ψϑ〉〈Ψϑ|σ1〉 , (12)
and the state σ2 is sampled from the conditional probability distribution pϑ(σ2 |σ1) = 〈σ2|ρˆϑ,2(σ1)|σ2〉, leading to
outcome |σ1, σ2〉 with probability pϑ(σ1, σ2) = pϑ(σ2 |σ1)pϑ(σ1). By repeating this process one obtains a final state
|σ〉 sampled from the correct probability distribution:
pϑ(σ) = pϑ(σN |σN−1, . . . , σ1) . . . pϑ(σ3 |σ2, σ1)pϑ(σ2 |σ1)pϑ(σ1) = 〈σ|ρˆ|σ〉 = |〈σ|Ψϑ〉|2 . (13)
B. Gradients of the quantum circuit
Given a specific choice for the structure of the quantum circuit, the optimal values of the parameters ϑ characterizing
the quantum gates are found through iterative updates
ϑ −→ ϑ− η G(ϑ) , (14)
where G(ϑ) = ∇ϑC(ϑ) is the gradient of the cost function and η is the learning rate (i.e. the step-size of the update).
To evaluate the gradient for a generic quantum circuit architecture, we employ the AD framework.
1. Automatic differentiation
The fundamental object in AD is the computational graph, a directed acyclic graph where data (nodes) are processed
according to a set of elementary computations (edges) [12]. Given some input parameters ϑ, the output Y (ϑ) is
obtained through a series of computations ϑ → T1 → T2 → · · · → Tn → Y . The gradient of the output with
respect to the input parameters is obtained by applying the chain rule of derivates through the various steps of the
computation:
∂Y
∂ϑ
=
∂Y
∂Tn
∂Tn
∂Tn−1
. . .
∂T2
∂T1
∂T1
∂ϑ
. (15)
Following the common notation in AD, we define T j = ∂Y/∂Tj as the derivative of the output with respect to the
variable Tj in the graph. By considering the particular graph connectivity, this derivative can be expressed in terms
of the derivative of adjacent variables in the graph:
T j =
∑
i∈N (j)
T i
∂Ti
∂Tj
, (16)
8where N (j) is the set of nodes identifying the variables connected to Tj . All derivatives can then be evaluated by
performing a forward pass in the graph (storing the various results of the computations), followed by a backward pass
where derivatives with respect to each node are calculated based on a pre-determined set of primitives, such as simple
functions and linear algebra routines. This type of AD algorithm is called reverse-accumulation, since it starts the
calculation of the gradients from the output variable Y . It is also possible to calculate the gradients using a forward
mode, i.e. propagating derivates from the input to the output. This AD mode is however less efficient when the input
dimension is much larger than the output dimension. Since that is often the case, reverse-accumulation AD is most
widely used in practical applications.
2. Intermediate gradients
The AD framework can be readily applied to optimize tensor networks and quantum circuits [14], but care should
be taken in our specific case. In fact, instead of calculating the cost function by tensor contraction, we express it as
the average
C(ϑ) =
∑
σ
|Ψϑ(σ)|2Cϑ(σ) (17)
over the probability distribution pϑ(σ) = |Ψϑ(σ)|2. As such, AD of C(ϑ) would quickly become intractable given the
exponential size of the sum in the number of sites N . In contrast, since we are able to sample from pϑ(σ), we can
approximate the cost function with the finite-size average
C(ϑ) ≈ 1
M
∑
σj
Cϑ(σj) ≡ C˜(ϑ) . (18)
However, we note that by implementing a computational graph ϑ→ C˜(ϑ), that is by approximating the distribution
pϑ(σ) with the samples, we are neglecting its parametric dependence on ϑ, which has a non-trivial contribution to the
cost function and its gradients. Specifically, the gradients obtained by applying AD to the graph do not correspond
to the actual gradients of the cost function
∇ϑC˜(ϑ) = 1
M
∑
σj
∇ϑCϑ(σj) 6= G(ϑ) = ∇ϑC(ϑ) . (19)
The inequality does not follow from statistical uncertainty deriving from averaging over samples, but rather from the
elimination of the dependence of the underlying distribution from C˜(ϑ).
To solve this issue, the gradients need to be calculated analytically until the dependence on the distribution is
eliminated. At that point, AD can be safely applied. We start by taking the gradient of the full cost function, without
any approximation:
G(ϑ) = ∇ϑC(ϑ) = ∇ϑ
∑
σ
|Ψϑ(σ)|2Cϑ(σ) =
∑
σ
[
|Ψϑ(σ)|2∇ϑCϑ(σ) + Cϑ(σ)∇ϑ
(
Ψϑ(σ)Ψ
∗
ϑ(σ)
)]
=
∑
σ
[
|Ψϑ(σ)|2∇ϑCϑ(σ) + Cϑ(σ)
(
Ψ∗ϑ(σ)∇ϑΨϑ(σ) + Ψϑ(σ)∇ varthetaΨ∗ϑ(σ)
)]
=
∑
σ
|Ψϑ(σ)|2
[
∇ϑCϑ(σ) + 2 Cϑ(σ)Re
[∇ϑ log Ψϑ(σ)]] .
(20)
Since the gradient G(ϑ) is still in the form of an average with respect to the probability distribution pϑ(σ), we can
now approximate the above equation with a sum over a finite number of samples:
G(ϑ) ≈ G˜(ϑ) = 1
M
∑
σj
[
∇ϑCϑ(σj) + 2 Cϑ(σj)Re
[∇ϑ log Ψϑ(σj)]] . (21)
Note that G˜(ϑ) 6= ∇ϑC˜(ϑ) since the approximation of the average with a finite number of samples has now been taken
after applying the gradient operation. We can then simply write
G˜(ϑ) = 1
M
∑
σj
Gϑ(σj) (22)
9with Gϑ(σj) = ∇ϑC?ϑ(σj), for a new effective sample-wise cost function
C?ϑ(σj) = Cϑ(σ) + 2{Cϑ(σ)}ng Re
[
log Ψϑ(σ)
]
, (23)
where {·}ng means that the argument should not be differentiated. It is straightforward to see that, by applying AD
to the cost function
C˜?(ϑ) = 1
M
∑
σj
C?ϑ(σj) , (24)
we obtain the correct approximation of the gradients G˜(ϑ) ≈ G(ϑ) (within statistical uncertainty). Finally, to make
the cost function differentiable, we replace the sign function with a “soft sign” Sign(x) = 2Sβ(x)− 1, where
Sβ(x) =
1
1 + e−βx
(25)
and the fictitious inverse temperature β controls the softness of the sign.
